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A TREATISE 


ON 

STEAM AND LOCOMOTION. 


PART II. 


CHAPTER I. 

PRESSURE OF AIR AND ELASTIC FLUIDS. 

Until near the middle of the seventeenth century it was not 
even suspected that the air possessed either weight or elastic 
force. Pumps, being an earlier invention of Ctesibus, had 
come into general use for raising water, and practical men 
had noted the fact that water rose far above its natural level in 
the pump tube, when the working valve, or bucket, had with- 
drawn the air from that part of the tube. Philosophers 
explained this as a proof of nature’s abhorrence of a vacuum, 
which caused the water to fill the vacuum in the pump tube, 
and in fixing them this was taken advantage of by placing the 
working valves where most convenient. However, a pump 
having been erected at Florence for the Duke of Tuscany, it 
failed to raise any water, and its failure was a very unexpected 
result. It was then ascertained that the water was above 33 
feet distant from the pump valve, and only rose to about that 
height, but not within the action of the pump, hence the 
cause of the failure was apparent, but not so the limit thus 
assigned to Nature’s abhorrence of a vacuum. Galileo was 
consulted, but was unable to give any valid reason for this 
limit at the time. Reflection, however, led him to conclude 
that the air had weight, and that the weight pressing on the 
PART II. H 
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146 PRESSURE OF ELASTIC FLUIDS. 

■water caused it to rise. Following out this reasoning, his 
pupil Torricelli had the. honour to construct the first harometer, 
and to determine by experiment the relative weight and pres- 
sure of air. 

As barometers are applied to measure the pressure of steam 
as well as that of air, a description of them will be instructive. 

Fig. No. 30 or 31 
is a glass tube about 
36 inches long, closed 
at one end, which Tor- 
ricelli filled with mer- 
cury, carefully exclu- 
ding the air. Then 
applying his finger to 
the open end, he in- 
verted the tube with 
its open end in a cup 
containing both wa- 
ter and mercury. He 
then withdrew his fin- 
ger while the tube 
end was immersed 
amongst the mercury, when it flowed out until it became 
stationary at a height of about thirty inches. "When the 
end of the tube was raised out of the mercury, and open to 
the water, the mercury flowed out, whilst the water rushed 
in to the top of the tube, showing that it would have risen 
still higher, had the tube been longer. These simple yet 
beautifully important experiments clearly demonstrated that 
the pressure of the air was equal to the pressure of a column 
of mercury thirty inches high, or to a column of water of 
an equal pressure. 

The specific weight of mercury varies according to its purity 
and temperature, but in ordinary circumstances it is about 
13' 6 times heavier than water, hence the height of a column of 


Fig. 30. . Fig. 31. Fig. 32. 
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water equal to the weight of a column of mercury 30 inches 
high, would be 30 x 13*6 -s- 12 in. = 34 feet, which water 
would rise in a perfect vacuum by the pressure of the air on its 
surface. This, therefore, proved that the water would rise to 
a height in the pump tube more or less near to 34 feet, as the 
vacuum was more or less perfect, but beyond 34 feet the 
pressure of the air would fail to raise the water, thereby 
solving the pump problem in the most satisfactory manner. 
Since a cubic foot of water is nearly and usually taken as 
1000 ounces avoirdupois, a cubic foot of mercury would be 
1000 x 13*6 = 13,600 ounces, and one inch of mercury 
would be 13,600 1/28 = 7*87 ounces, therefore 

30 x 7*87 -5- 16 ounces = 14*75 lbs. as the elastic force of 
the air at the level of the sea. In round numbers it is usual 
to consider the pressure of the air as equal to 15 lbs. on each 
square inch, which is called the pressure of one atmosphere, 
30 lbs. being that of two atmospheres, 45 lbs. that of three 
atmospheres, and so on with each additional 15 lbs. It will 
illustrate the pressure of elastic fluids in every direction, when 
it is stated that the pressure of air on the body of an average- 
sized man amounts to about 15 tons, which of course would 
instantly crush him to the earth, were it not counteracted by 
its equality of pressure in every direction, upwards, sidew ards, 
downwards, internally and externally. Its weight is about 
820 times lighter than water, (or *00122,) as determined by 
M. Arago. The elastic force of air on a square foot of surface 
would amount to 144 x 14*75 lbs. = 2124 lbs., but the weight 
of 144 cubic inches would only be *00669 lbs. or nearly 31*72 
times less weight than pressure. This greater pressure is due 
to the superincumbent column of air estimated by some as 
from 45 to 50 miles high, but by others as not even so high 
as 40 miles. 

Air has, therefore, both weight and force pressing in every 
direction, in the ratio of 2 1 24 lbs. per square foot of surface, yet 
in it we live, move and breathe, as if it had neither weight nor 

h 2 
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THE LUNGS AS A BAROMETER. 


force. Many attempts have been made to bring the elastic force 
of the atmosphere into mechanical use like steam. The Croydon 
and South Devon Atmospheric Railways now abandoned, and 
Prosser’s compressed air engine now in the great exhibition, 
are recent instances of these efforts, but as yet they have been 
unable to compete with steam in portability and economy. 

To the feelings the changing pressure of the air seems 
reversed to what it really is, for on a fine dry day the 
air is heaviest, causing the mercury to rise, and on or 
before a wet day it is lightest, allowing the mercury to 
flow out of the tube or fall. Yet on a fine day the feelings 
are buoyant, and on a wet day depressed. This is easily 
accounted for. 

Natural steam is only about one half or five eighths the 
weight of an equal volume of air, hence when the air becomes 
saturated with natural steam it is of course lighter, and in an 
equal volume contains less oxygen. When the natural steam 
has fallen in the form of rain or snow, the air becomes heavier 
from its containing more oxygen in an equal volume, for 
oxygen is 1 • 1 1 times heavier than the mixture of £ nitrogen 
and ^ oxygen, which constitutes the atmosphere. The more 
oxygen inhaled the more buoyant and elastic are the feelings, 
hence as the barometer tells by rising, so the lungs also by 
expanding, that more oxygen is present ; and as the barometer 
indicates by falling that steam has displaced a portion of the 
oxygen, so likewise does the collapsion of the lungs truly 
indicate the absence of the life-supporting oxygen. WTiilst, 
therefore, the barometer weighs the exact pressure of the air, 
the lungs also tell us its life-supporting power with much 
fidelity. 

Fig. No. 32 is the modern form of barometer for halls, 
where the float is suspended by a fine line over the small 
pulley p, and balanced by a weight w ; and as the pulley is 
moved by the action of the float /, the indications by the 
index i are read off on a large dial, D. 
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As we ascend upwards the pressure of the air diminishes, 
and by this means the barometer is employed to measure the 
heights of mountains and other elevated places with consider- 
able accuracy, by the fall of the mercury. Pascal first applied 
it to this purpose ; but as the pressure of the air diminishes by 
increase of temperature, as well as by increase of height, and 
its density increases by cold, it requires a scale graduated ac- 
cordingly. For example, a decrease of l°of temperature in- 
creases the density or pressure of the air '0033 inches of 
mercury between the limits of 32° and 52° ; but from 32° down 
to zero the mercury falls *0034 for each difference of 1° of tem- 
perature. At an elevation of 500 feet the mercury falls half 
an inch; but at 31 times 500ft. high, it only falls 28 half 
inches, and at 41 times 500 ft. high only 36 half inches. 

The following rule gives the heights of places nearly : — 

Multiply the difference of the logarithms of the respective 
barometric heights by 6000 for the height above the level of 
the sea in feet. 

Ex. Required the elevation of a hill at whose base the 
height of the mercury was 30 inches, and at the top 28 inches, 
log. 30 = 477121 
log. 28 = 447158 

Difference = 029963 x 6000 = 1797*78 feet as the height 
required. 

To obtain a more portable and sensitive barometer for such 
measurements than the mercurial one, a vacuum barometer of 
ingenious yet comparatively complicated construction has been 
brought to considerable perfection in France, since M. Conte 
first introduced it. As now improved by Mr. Dent, of London, 
it is a portable, and as it may be an agreeable companion to 
railway travellers for determining the comparative elevation of 
the countries or railways that they travel over, we annex a brief 
description of its principle of action. 

The same letters apply to all the figures. 
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ANEROID OR VACUUM 




Bent’s Aneroid Barometer. — Fig. 33. 


Fig. 34. 


M Distended 


Fig. 35. K 


Front Elevation. — Fig. 36. 


In Fig. No. 33, 
D D is the vacuum 
vase. M, the socket 
for distending it. 
C C is a lever, to 
one end of which is 
attached the ver- 
tical rod, 1, which 
connects it with the 
levers, 2, 3. These 
levers are connect- 
ed by a bowpiece, 
4, and the whole 
are regulated for the index 
to move over a space corre- 
sponding to the scale of a 
mercurial barometer. The end 
of lever 3 is connected to the 
axes, on which the hand or 
index is fixed by a piece of 
fine watch chain. A spiral 
spring regulates the hand, 
and the force of the levers in 
obedience to the indication of 
the vacuum vase D D, as dis- 
tended Fig. No. 34, and com- 
pressed, Fig. No. 35, by the 
weight of the atmosphere. 

Fig. No. 36, exhibits a 
front view of this ingenious 
instrument, and indication 
hand. W, the index of 

comparison, to be set exactly 
over the hand b, at the com- 
mencement of any experi- 
ment. The movement of 
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the hand O to either the right or the left will then indicate the 
increase or decrease of the atmospheric pressure. 


Diagram showing Principle of Action. — Fig. 3'. 



Fig. No. 37, will explain the principle of action. C C is a 
lever of the second order, similar to a locomotive safety-valve 
lever, which has its fulcrum at B and its force measured by 
the spiral spring S. The vacuum vase is attached to the lever 
C C at D, one-seventh of the distance between B and S. It 
is 2 5 inches diameter, having about 72 lbs. pressure on its area, 
whose action on the lever C at D, as represented by the arrows, 
is 6 times increased on the spring S, the lever being as 6 to 1 , 
or 7 parts ii%all. This it is obvious renders the least varia- 
tion of pressure quite sensible by the spring when the friction 
of the parts is reduced to a minimum. In Dent’s the motion 
of the index-hand one-tenth of an inch indicates an alteration 
of either 85 feet higher or lower, as the case may be. The 
action of a barometer is therefore regulated by the weight 
of the air, which is heaviest during serene settled or frosty 
weather, or when contrary easterly or northerly winds blow it 
towards any locality. It is lightest when saturated with steam 
to the rainy point, or when contrary winds blow it away from 
any locality. In northerly climates the variation is greatest, 
and least within the tropics. 

Several lengthened trials against the best mercurial barome- 
ters indicate that the vacuum barometer may be relied on for 
all ordinary purposes ; and the following table will supply the 
means of ascertaining the comparative gradients of a railway 
by one of them. 
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TABLE OF 


Table No. 34. 

BAROMETRIC TABLE * 


Barometric 
Height. | 

Atmospheric 

Height. 

# 
o 3* 

£ i ! 

~ rt 

Barometric 

Height. 

Atmospheric 

Height. 

5 

2 c = 

■sir 

U L . fc . 

c « « 

C . O.CS 

e - — 

Barometric 

Height. 

Atmospheric 

Height. 

Proportional 
1000th parts to be 
added as required. 

In. Mer. 
28*00 

Feet. 

27425*3 

+ 

In. Mer. 

2830 

Feet. 

27703-7 

+ | 

In. Mer . 
28'60 

Feet. 

27979*2 

+ 

i 

27434 G 

0-9 

i 

27712-9 

0-9 

i 

27988-3 

0-9 

2 

27444-0 

1-9 

2 

27722-2 

1-8 

2 

27997-5 

1-8 

3 

27453-3 

2-8 

3 

27731-4 

2-8 

3 

28006-6 

2-7 

4 

27462-6 

3-7 

4 

27740-6 

3-7 

4 

28015-7 

3-7 

5 

27471-9 

4-7 

5 

27749-8 

4-6 

5 

28024-8 

4-6 

6 

27481-3 

5*6 

6 

27759 1 

5-5 

G 

28034-0 

5-5 

7 

27490-6 

6-5 

7 

27768-3 

6*5 

7 

28043 1 

6-4 

8 

27499-9 

7-5 

8 

27777-5 

7-4 

8 

28052-2 

7-3 

9 

27509-2 

8-4 

9 

27786-7 

8-3 

9 

28061-3 

8-2 

28-10 

27518-4 

+ 

28-40 

27795-8 

+ 

28-70 


+ 

1 

27527-7 

0-9 

1 

27805-0 

0-9 

1 


0-9 

2 

27537 0 

1-9 

2 

27814-2 

1-8 

2 


1-8 

3 

27546-3 

2-8 

3 

27823-4 

2-8 

3 


2-7 

4 

27555-6 

3-7 

4 

27832-6 

3-7 

4 


3-6 

5 

27564-9 

4-6 

5 

27841-8 

4-6 

5 

28115-9 

4-5 

6 

27574-2 

5-6 

6 

27851 0 

5-5 

6 

28125-0 

5-5 

7 

27583-5 

6-5 

7 

27860-2 

6-4 

7 


6-4 

8 

27592-7 

7-4 

8 

27869-3 

7-4 

8 

28143-2 

7-3 

9 

27602-0 

8-4 

9 

27878-5 

8-3 

9 

28152-2 

8-2 

28-20 

27611-3 

+ 

28-50 

27887-7 

+ 

28-80 

28161-3 

+ 

1 

27620-6 

0-9 

1 

27896-9 

0-9 

1 

28170-4 

0-9 

2 

27629-8 

1-9 

2 

27906 0 

1-8 i 

2 

28179-4 

1-8 

3 

27639 1 

2-8 

3 

27915-2 

2-7 ! 

3 

28188-5 

2-7 

4 

27648-3 

3-7 

4 

27924-3 

3-7 ; 

4 

28197-5 

3-6 

5 

27657-6 

4-6 

5 

27933-5 

4-6 j 

5 

28206-6 

4-5 

G 

27666-8 

5-6 

6 

27942-6 

5-5 

6 

28215-6 

5-4 

7 

27676 1 

6-5 

7 

27951-8 

6-4 | 

7 

28224-7 

6-3 

8 

27685-3 

7-4 

8 

27960-9 

7-3 j 

8 

28233-7 

72 

9 

27690-6 

8-3 

9 

27970 1 

8 2 ! 

9 

28242-8 

7-1 


* Being an extract, by permission, from the elaborate table of W. 
Galbraith, M.A., dedicated to Sir Thomas M. Brisbane, Bart. 
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Barometric 

Height. 

Atmospheric 

Height. 

< U _* 

«2 2 -- 
5 3 
.S ~ 

g . 3.1 

l|I 

* rt 

Barometric 

Height. 

Atmospheric 

Height. 

Proportional 
1000th parts to be 
added as required. 

Barometric 

Height. 

Atmospheric 

Height. 

Proportional 
1000th parts to be 

O . I.lAil OO 

In. Mer. 

28-90 

Feet. 

28231-8 

+ 

In. Mer. 

! 29 30 

Feet. 

28611-1 

+ 

In. Mer 

29*70 

Feet. 

28965-2 

+ 

1 

28260-8 

0-9 

i 

286200 

0-9 

i 

28974-0 

0-9 

2 

28269-9 

1-8 

2 

28628-9 

1-8 

2 

28982-8 

1-8 

3 

28278-9 

2-7 

3 

28637-8 

2-7 

3 

28991-6 

2-6 

4 

28287-9 

3-6 

4 

28646-7 

3-6 

4 

29000-4 

3-5 

5 

28296-9 

4-5 

5 

28655-6 

4-5 

5 

29009 1 

4-4 

G 

28306-0 

5-4 

6 

28664-5 

5-3 

6 

29017-9 

5-3 

7 

28315-0 

6-3 

7 

28673-4 

6-2 

7 

29026-7 

61 

8 

28324-0 

7-2 

8 

28682-3 

7-1 

8 

29035-5 

7-0 

9 

28333-0 

8-1 

9 

28691-2 

80 

9 

29044-2 

7-9 

29 00 

28342 1 

+ 

29-40 

28700-0 

+ 

29-80 

29053 1 

+ 

1 

28351-1 

0-9 

1 

28708-9 

0-9 

1 

29061-9 

0-9 

2 

28360-1 

1-8 

2 

28717-8 

1-8 

2 

29070-6 

1-8 

3 

28369-1 

2-7 

3 

2872 G - 6 . 

2-7 

3 

29079-4 

2-6 

4 

28378-1 

3-6 

4 

28735-5 

3-6 

4 

29088-1 

3*5 

5 

28387-1 

4-5 

5 

28744-4 

4-4 

5 

29096-9 

4-4 

6 

28396-1 

5-4 

6 

28753-3 

5-3 

6 

29105-6 

5-3 

7 

28405-0 

6-3 

7 

28762-1 

6-2 

7 

29114-4 

61 

8 

28414 0 

7-2 

8 

28771-0 

71 

8 

29123-1 

7-0 

9 

28423 0 

8-1 

9 

28779-9 

80 

9 

29131-9 

7-9 

29-10 

28432-0 

+ 

29-50 

28788-7 

+ 

29-90 

29140-6 

+ 

1 

28441-0 

0-9 

1 

28797-5 

0-9 

1 

29149-3 

0-9 

2 

28450-0 

1-8 

2 

28806-4 

1-8 

2 

29158-1 

1-7 

3 

28458-9 

2-7 

3 

28815-2 

2-7 

3 

29166-8 

2-6 

4 

28467-9 

3-6 

4 

28824-1 

3-5 

4 

29175-5 

3-5 

5 

28476-9 

4-5 

5 

28832-9 

4-4 

5 

29184 2 

4-4 

6 

28485-8 

5-4 

6 

28841-8 

5-3 

6 

29193-0 

5-2 

7 

28494-8 

6 3 

7 

28850-6 

6-2 

7 

29201-7 

61 

8 

28503-8 

7-2 

8 

28859-4 

7-1 

8 

29210-4 

7-0 

9 

28512-7 

8-1 

9 

28868-3 

8-0 

9 

29219 1 

7-8 

29-20 

28521-7 

+ 

29-60 

28877-1 

+ 

30-00 

29227-8 

+ 

1 

28530-6 

0-9 

1 

28885-9 

0-9 

1 

29236-5 

0-9 

2 

28539-6 

1-8 

2 

28894-7 

1-8 

2 

29245-2 

1-7 

3 

28548-5 

2-7 

3 

28903-6 

2-7 

3 

29253-9 

2-6 

4 

28557-5 

3-6 

4 

28912-4 

3-5 

4 

29262-6 

3-5 

5 

28566-4 

4-5 

5 

28921-2 

4-4 

5 

29271 3 

4-3 

6 

28575-4 

5-4 

6 

289300 

5-3 

6 

292800 

5-2 

7 

28584-3 

6-3 

7 

28938-8 

6-2 

7 

29288-7 

61 

8 

28593-2 

7-2 

8 

28947 6 

7-1 

8 

29297-3 

7-0 

9 

28602-2 

8-0 

9 

28956-4 

80 

9 

29306-0 

7-8 
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BAROMETRIC HEIGHTS 


Barometric 

Height. 

Atmospheric 

Height. 

ll\ 

1 -s-sj 

.2,2 c-; 

lilt 

ii 

Barometric 

Height. 

Atmospheric 

Height. 

li! 

o vi 5* 

it- t 
||| 

Barometric 

Height. 

Atmospheric 

Height. 

Proportional 
1000th parts to be 
added as required. 

In. Mer. 
3010 

Feet. 

29314-7 

+ 

In. Mer. 
30*40 

Feet. 

29573-8 

+ 

In. Mer. 
30-70 

Feet. 

29830*2 

+ 

1 

29323-4 

0-9 

i 

29582-4 

0-9 

1 

29838-7 

0-9 

2 

29332 0 

1-7 

2 

”29591-0 

1-7 

2 

29847-2 

1-7 

3 

29340-7 

2-6 | 

3 

29599-6 

2-6 

3 

29855-7 

2-5 

4 

29349-2 

3-5 

4 

29608-2 

3-4 

4 

29864-2 

3-4 

5 

29358-0 

4-3 

5 

29616-7 

4-3 

5 

29872-7 

4-3 

6 

29366-7 

5-2 

6 

29625-3 

5-2 

6 

29881-2 

5-1 

7 

29375-3 

61 i 

7 

29633-9 

6-0 

7 

29889-7 

6-0 

8 

29384 0 

6-9 

9 

29642-5 

6-9 

8 

29898-2 

6-8 

9 

29392-6 

7-8 

8 

29651 0 

7*7 

9 

29906-7 

7-7 

30-20 

29401-3 

+ 

30-50 

29659-6 

+ 

' 30-80 

29915-2 

+ 

1 

29409-9 

0-9 

1 

29668-1 

0-9 

1 

29923-7 

0-8 

2 

29418-6 

1-7 

2 

29676-7 

1-7 

2 

29932-2 

1-7 

3 

29427-2 

2-6 

3 

29685-2 

2-6 

3 

29940-7 

2-5 

4 

29435-9 

3-5 

4 

29693-8 

3-4 

4 

29949-2 

3-4 

5 

29444-5 

4-3 

5 

29702-3 

4-3 

5 

29957-6 

4-2 

6 

29453-2 

5-2 

6 

29710-9 

51 

6 

29966 1 

51 

7 

29461-8 

61 

7 

29719 4 

60 

7 

29974-6 

5-9 

8 

29470-4 

6-9 

8 

29727-9 

6-8 

8 

29983-1 

6-8 

9 

29479 1 

7-8 

9 

29736-5 

7-7 

9 

29991-5 

7-6 

30-30 

29487-7 

+ 

39 60 

297450 

+ 

30-90 

300000 

+ 

1 

29496-3 

0-9 

1 

29753-5 

0-9 

1 

30008-5 

0-8 

2 

29504-9 

1-7 

2 

29762-1 

1-7 

2 

30016-9 

1-7 

3 

29513-6 

2-6 

3 

29770-6 

2-6 

3 

30025-4 

2-5 

4 

29522-2 

3-4 

4 

29779-1 

3-4 

4 

30033-8 

3-4 

5 

29530-8 

4-3 

5 

29787-6 

4-3 

■ 5 

30042-3 

4-2 

6 

29539-4 

5-2 

6 

29796-2 

5-1 

6 

30050-7 

5-1 

7 

29548-0 

6-0 

7 

29804-7 

60 

7 

30059-2 

5-9 

8 

29556-6 

6-9 

8 

29813-2 

6-8 

8 

30067-6 

6-8 

9 

29565-2 

77 

9 

. 

29821-7 

7*7 

9 

30076-1 

7-6 




In this table, the middle column exhibits heights in English 
feet, corresponding to the height of the barometer, shown in 
the first column, in inches, tenths, and hundredths ; the pro- 
portional parts to thousandths are given in the right-hand 
column. 

Example. — It is required to find, in English feet, the dif- 
ference of level between Dover and Folkstone Railway-stations 
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by the barometer, Dover indicating 30‘ 125 inches, and Folk- 
stone 30-000. In the table at 30T2 we find 29332 0, and in 
the column A at 5 we have 4"3; which, added to 29332-0, 
gives for Dover 29336 3. On referring to the 30-000 inches 
in the table, by which Folkstone is indicated, we find 29227 - 8. 
The one, subtracted from the other, gives the difference in 


feet between the two stations : — 


Dover 

. 29336-3 

Folkstone 

. 29227-8 

Feet 

108-5 


Folkestone-station, therefore, is higher than that at Dover by 
108-5 feet. 

The above experiment was actually made while sitting in a 
railway-carriage, and the example will serve as a guide for 
taking any measurement by the barometer. 

The natural philosopher is enabled, by means of the Aneroid, 
to discover the quantity necessary for thermometrical correction. 
He has only to expose the instrument to the temperature of the 
external air, (having set the hands in coincidence,) and after- 
wards place it before the fire, until the thermometer is at 100. 
Any variation of the hand, divided by the degrees of the ther- 
mometer, will give the quantity for each degree. Mr. Dent 
remarks of this instrument, that the quantity to be allowed 
for correction does not generally equal what is necessary for 
the correction of the mercurial barometer. The amount will 
be sometimes in defect, and at others in excess. So nearly is 
the Aneroid compensated for varying temperatures. 

Mercurial Gauges for Steam Engines. 

These useful appendages to the steam engine being eithei 
barometrical or thermometrical, this seems the proper place to 
describe them. Where the length is not a consideration the 
barometric ones act well, but thermometric ones cannot be de- 
pended upon generally. 
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Fig. No. 38, is one of the forms in 
which mercury is employed to measure 
the pressure of steam when it is only 
a few pounds more pressure than that 
of the atmosphere. Steam is admit- 
ted from the boiler by the pipe c, and 
presses the mercury up the iron syphon 
tube M, b, m. Each 2 inches of rise 
is nearly equal to 1 lb. pressure above 
the atmosphere, which has access to 
the top of the mercury by the open 
end of the tube. A line from the float in 
this tube passes over the pully p, and 
is attached to the index S, to show the 
variation of pressure on the annexed 
scale. Gauges of this barometric form 
require to have a length equal to 2 inches 
for each pound of pressure, which 
makes them inconvenient at high pres- 
sures. It is thus constructed : M, m, 
R, are 3 openings fitted with suitable 
screws. These are taken out, and 
mercury poured in until it shows itself 
at M m, in each leg of the syphon, 
when these 2 holes are screwed up. 
Some water is then poured in at R, 
which is then also screwed up, and the 
instrument ready for use. The water 
prevents the heat of the steam oxidizing 
the mercury, which is found to injure 
its expansive action, and render its in- 
dications erroneous in thermometrical 
steam gauges. 


J 
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Fig. 39. 



Fig. 40. 



Fig. No. 39, is a different form, where the 
mercury is all contained in the tube x x, which 
has one end connected to the boiler by the 
pipe P, and the other end open to the atmo- 
sphere. The indications being given off on 
the attached scale of parts. 

Fig. No. 40, is another form of mercurial 
gauge for condensers. A, a cup filled with 
mercury, in which the barometric tube is im- 
mersed, having the other end bent in the 
syphon form, and connected with the con- 
denser of a low-pressure engine. On the 
cock P being opened, the pressure of the 
air on the mercury in the cup causes it to 
rise and indicate, on the scale of parts, the 
comparative vacuum produced in and power 
gained from the condenser. 

In all these gauges the pressures indicated 
are the differences between the atmospheric 
pressure and the pressure in the boiler or in 
the condenser. In condensers the pressure 
will be less than the atmosphere by 2 inches 
for each pound pressure. In the boiler, the 
pressure will be greater than the atmosphere 
by 2 inches for each pound. So that a rise 
of 8 inches in the boiler gauge indicates 
steam of 4 lbs. pressure above the atmosphere, 
or 19 lbs. gross pressure, and a rise of 24 or 
26 inches in the condenser gauge shows that 
a pressure of 12 or 13 lbs. has been added 
to the 4 lbs. pressure, making a working 
pressure of 16 or 17 lbs. per square inch from 
an apparent pressure of only 4 lbs. 


Air Gauge. 

Since the preceding gauges require a length of 2 inches of 
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mercury for each pound of pressure, they are inapplicable to 
pressures of 60 or 100 lbs. on locomotive boilers. In place of 
leaving the mercury exposed to the air at one end, and to the 
steam at the other end, air is confined in a Torricellian tube, 
closed at the upper end, and resting in a cup of mercury at the 
lower end, on which the force of the steam acts to compress the 
column of air, which then becomes the measure of the force of 
steam. 

Fig. 41. Fig. 42. Fig. No. 41, will show their con- 
struction. 1 1 the glass tube contain- 
ing air, immersed in the cup A B of 
mercury, which rises to the level or 
pressure balanced by the mercury in 
the cup and the air in the tube, for 
the zero of the gauge. The volume 
of a given quantity of air being in- 
versely as the space it occupies, a 
scale — starting at the gauge zero — is 
adjusted to this established law, to 
show the force of the steam by the 
diminished volume of the confined 
air. For instance, if the pressure be 
20 lbs. and increased to 40 lbs., the 
volume of air would be reduced one- 
half, and at 60 lbs. to one-third the 
volume at 20 lbs., as will be further 
illustrated under the head of Expansive Force of Elastic Fluids. 
On steam being admitted by the stopcock d it presses upon 
the mercury in A B, which rises and compresses the air in the 
tube and indicates the force on the scale. Gauges of this class 
were employed by both the French Academy and Franklin In- 
stitutes in their valuable experiments on steam. 

When carefully made and adjusted they are valuable instru- 
ments. On locomotive engines the passing current keeps 
the confined air from heating, which requires to be guarded 
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against, and if the scale is correctly adjusted the indications 
would he accordingly. 

Fig. No. 42, is another form of this useful gauge, where 
very small holes in the bottom of the bulbous part of the 
tube admit the direct action of the steam on the mercury, 
whilst the reservoir at the top gives a larger volume of air 
to act against, with less risk of error. 

When steam is freely admitted to act on mer- 
cury for a length of time, the mercury is found 
to deteriorate ; or the loss of any portion of it 
from the tube or cup would affect the accuracy of 
the scale. Mr. Davies of Leeds states that be 
has, by using a larger column of mercury, greatly 
improved the accuracy and durability of mercurial 
steam gauges. 

Thermometric gauges (Fig. No. 43) are similarly 
constructed to those already described for measur- 
ing heat by, and are designed to give the force of 
steam from its temperature. They have not yet, 
however, been successful for accuracy of indica- 
tions. If the heat communicated to the bulb is 
partly lost in the ascent of the mercury, the 
upper portion would not equally expand with the 
lower portion ; or if the bulb is ever so slightly 
compressed by the force of the steam, the indi- 
cations in each instance would be incorrect. 

The changing pressure in locomotive boilers from their 
small steam space and rapid consumption renders slight varia- 
tions of temperature easily effected by atmospheric influence, 
or other disturbing causes. If the tube were of greater length 
and surrounded by an atmosphere of the same temperature as 
is in the boiler, thermometric gauges might be depended upon, 
but for ordinary locomotive purposes there are several impedi- 
ments to their successful application. 

Besides mercurial gauges, spring gauges have been made 
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of the form shown in Fig. No. 44, which is a small cylinder 
exactly one square inch area, whose piston P is made to com- 


Fig. 44. 



press the spiral spring S S, according to the force of the steam 
on the piston, and an index attached to the piston rod shows 
the force on a scale F adjusted to the spring. This is, in fact, 
Watt’s indicator applied as a permanent gauge. 


Salter’s well-known spring 
balance, Fig. No. 45, also 
measures the pressure by the 
upward force of the steam 
on the safety valve l, com- 
pressing a double spiral 
spring within the cylindrical 
case C, by the action of the 
lever L, and showing the 
force on a scale of pounds. 


Fig. 45. 



CHAPTER II. 

MECHANICAL FORCE OF STEAM. 

This force is dependent upon the pressure under which • 
steam is generated, for it varies in the ratio of that pressure. 
Under the atmospheric pressure of 15 lbs. per square inch, 
water boils at a temperature of 2 1 2°, and the steam evolved 
has a force of 15lbs. per square inch ; but when the atmo- 
spheric pressure is wholly withdrawn by an air pump, water 
boils at a temperature as low as 70° and produces steam, 
having a force of about i of a lb. or * *7 2 inches of mercury. 
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As 70° is a temperature considerably below that of the human 
body (98°), the heat of the hand would produce ebullition in 
a vacuum. For instance, if water were boiled in a glass phial, 
and corked whilst it still contained steam, it would on being 
withdrawn from the heat cease to boil ; but if immersed in 
cold water boiling would recommence, because the cold had 
condensed the steam and removed the pressure from the water, 
but if again immersed in hot water steam would be formed, 
and the boiling cease from the increased pressure on the 
water. It is found by experiment that for every variation of 
one inch of mercury or one half pound on the pressure on the 
water the boiling point varies 1"76° as under : — 


Barometer 

Boiling Point. 

in Mur. 

Fahr. 

27 

206-9 

271 

207-8 

28 

208-7 

281 

209-5 

29 

210-4 

291 

211-2 

30 

212-0 

03 

o 

tO|M 

212-8 

31 

213-6 


For each 2" 6 per cent, of common salt in water the boiling 
point rises 1°, and when it reaches 36 per cent, the water 
is said to be saturated with salt, and the boiling point raised 
to 226° or 228°. 

Sea water contains about 31- per cent, of saline matter, 
which has called forth ingenious processes of distilling salt 
water for marine boilers, or of brine pumps for removing these 
saline matters deposited by boiling, and which unless removed 
speedily obstruct the generation of steam. With 3 per 
cent, of saline matter water boils at 213‘2° temperature and 
with 6 per cent, at 214‘4°. 

Steam is produced at all temperatures ; even in freezing, 
natural evaporation may be seen, as if the river, streamlet or 
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lake were smoking ; and it possesses mechanical force even at 
such low temperatures, as is shown in the following table 
by Dalton : — 


Table No. 35. 

ELASTIC FORCE OF STEAM FROM 32° TO 212° IN 
INCHES OF MERCURY. 


Temp. 

Deg. 

Force, i 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

i Temp, 
j Fah. 

Force. 
In. mer. 

32 

0-200 

69 

0-698 

105 

2-18 

141 

5-90 

177 

14-22 

33 

0-207 1 

70 

0-721 

106 

2-25 

142 

605 

178 

14-52 

34 

0-214 

71 

0-745 

107 

2-32 

143 

6-21 

179 

14-83 

35 

0-221 t 

72 

0-770 

.108 

2-39 

144 

6-37 

180 

15-15 

36 

0-229 

73 

0-796 

109 

2-46 

145 

6-53 

181 

15-50 

37 

0-237 

74 

0-823 

110 

2-53 

146 

6-70 

182 

15-86 

38 

0-215 

75 

0-851 

111 

2-60 

147 

6-87 

183 

16-23 

39 

0-254 1 

76 

0-880 

112 

2-68 

148 

7-05 

184 

16-61 

40 

0 263 | 

77 

0-910 

113 

2-76 

149 

723 

185 

17-00 

41 

0-273 

78 

0-940 

114 

2 84 , 

150 

7-42 

186 

17-40 

42 

0-283 

79 

0-971 

115 

2-92 j 

151 

7-61 

187 

17-80 

43 

0-294 

80 

100 

116 

3 00 j 

152 

7-81 

188 

18-20 

44 

0-305 

81 

1-04 

117 

3-08 

153 

801 

189 

18-60 

45 

0-316 i 

82 

1-07 

118 

3-16 

154 

8-20 

190 

1900 

46 

0-328 

83 

110 

119 

3-25 

155 

8-40 

191 

19-42 

47 

0-339 

84 

1 14 

120 

3-33 ' 

156 

8-60 

192 

19-86 

48 

0-351 

85 

1-17 

121 

3-42 

157 

8-81 

193 

20-32 

49 

0-363 | 

86 

1-21 

122 

3-50 

158 

9-02 

194 

20-77 

50 

0-375 j 

87 

1-24 

123 

3-59 

159 

924 

195 

21-22 

51 

0-388 

88 

1-28 

124 

3-69 

160 

9-46 

196 

21-68 

52 

0-401 1 

89 

1-32 

125 

3-79 

161 

9-68 

197 

22-13 

53 

0-415 ! 

90 

1-36 

126 

3-89 

162 

9-91 

198 

22-69 

54 

0-429 

91 

1-40 

127 

4 00 

163 

1015 

199 

23-16 

55 

0-443 ! 

92 

1-44 

128 

4-11 

164 

10-41 

200 

23-64 

56 

0-458 j 

93 

1-48 

129 

4-22 

165 

10-68 

( 201 

24-12 

57 

0-474 

. 94 

1-53 

130 

4-34 

166 

10-96 

202 

24-61 

58 

0-490 , 

95 

1-58 

131 

4-47 

167 

11-25 

203 

25-10 

59 

0-507 i 

96 

1-63 

132 

4-60 

168 

11-54 

204 

25-61 

60 

0-524 ; 

97 

1-68 

133 

4-73 ; 

169 

11-83 

205 

2613 

61 

0-542 

98 

1-74 

134 

4-86 

170 

1213 

206 

26-66 

62 

0-560 j 

99 

1-80 

135 

5-00 

171 

12-43 

207 

27-20 

63 

0-578 

100 

1-86 

136 

5-14 ! 

172 

12-73 

208 

27-74 

64 

0"597 

101 

1-92 

137 

5-29 ' 

173 

1302 

209 

28-29 

65 

0-616 

102 

1-98 

138 

5-44 

174 

13-32 

210 

28-84 

66 

0-635 

103 

204 

139 

5-59 

175 

13-62 

211 

29-41 

67 

68 

0-655 

0-676 

104 

2 11 

140 

5-74 

176 

13-92 

212 

30-00 
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To produce steam of a pressure greater than the atmosphere, 
requires the water to be boiled in a close vessel until it has 
attained the force necessary to perform its mechanical duty. 

The gradual accumulation of that 
force in a steam boiler, and the ratio 
of the temperature to that force are 
illustrated in Fig. No. 46, which 
represents a spherical boiler partly 
filled with mercury and partly filled 
with water. B, a barometric glass 
tube open at both ends, reaching 
nearly to the bottom of the mer- 
cury. C, a thermometer with its 
end reaching nearly to the surface 
of the water. D, the supply cock 
for filling the boiler. On heat being 
applied below the boiler whilst the 
supply cock D is open, the steam 
will pass out as formed at a temper- 
ature of 212°, and the mercury re- 
main stationary by the pressure of 
the atmosphere on it in the tube B being equal to the pres- 
sure of the steam on the water in the boiler A. If D be then 
shut this equality of pressure ceases, and the mercury begins 
gradually to ascend the tube in the ratio of the accumulating 
force of the steam above the force of the atmosphere. The 
thermometer also rises by the increased temperature of the 
steam. Now, if the pressure of the steam has raised the 
mercury 15 inches in the tube B, indicating a force of 7 a lbs. 
above that of the atmosphere, the thermometer will have risen 
to 234°, being the heat of that pressure. At 250^° the mer- 
cury in the tube will have risen 30 inches, showing a pressure 
of 15 lbs. above the atmosphere with a temperature of 250 5°, 
or an actual pressure of 30 lbs. per square inch on the water. 
If the cock D be now opened the steam will rush out, and the 


Fig. 46. 
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thermometer rapidly fall to 212°, and the mercury in the tube 
B to zero again. The elastic or mechanical force of steam 
increases in a greater ratio than its temperature, for at 212° 
its force is 1 5 lbs., at 250|° it is 30 lbs., and at 285° it is 
52| lbs. The first 38!° increases the force 15 lbs., but by 
341° more heat its force is increased 22| lbs. 

The following table shows this ratio of increase at various 
temperatures : 

Table No. 36. 


Temp. 
Deg. Fab. 

' FORCE OF STEAM IN 

Atmo- 

Open tube. 

Bar. tube. 

Above atm. 

Full force. 


spheres. 

In. mer. 

In. mer. 

lbs. avoir. 

lbs. avoir. 

212 

1 

0 

30 

0 

15 

230-96 

1! 

15 

45 

7-5 

22-5 

253-52 

2 

30 

60 

15* 

30- 

293-72 

4 

90 

120 

45 

60 

341-96 

8 

210 

240 

105 

120 

398-48 

16 

450 

480 

225 

240 

433*56 

22 

690 

720 

360 

375 


From this it is seen, that while the temperature is little 
more than doubled, the force is increased from 15 to 345 lbs. 
or 23 times. If it were not for this increasing force in pro- 
portion to the additional heat introduced, high-pressure steam 
engines would, for all ordinary pressures, be unable to enter 
into an economical competition with condensing engines. For 
instance, the working pressure of 4i lbs. steam has been shown 
to be 16 lbs. Its relative volume to water is 1411, but the 
relative volume of high-pressure steam of 31 lbs. or 16 lbs. 
working pressure is only 857, or less than five-eighths of the 
volume or cylinders-full of the low-pressure steam. 

The mechanical force of steam above atmospheric pressure 
is thus given by Taylor : 
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Table No. 37. 

FORCE OF STEAM FROM 212° TO 320° IN INCHES OF 
MERCURY. 


Temp. 

Deg. 

Force. 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

Temp. 

Deg. 

Force. 
In. mer. 

212 

30 00 

234 

44-60 

256 

65'50 

278 

94-70 

300 

135*75 

213 

, , 

235 

45-50 

257 

66-60 

279 

96 26 

301 

135-60 

214 

31-00 

236 

46-40 

258 

67-75 

280 

97-75 

302 

137-55 

215 


237 

47-30 

259 

69 00 

281 

99-25 

303 

139-75 

216 

32-30 

238 

48-20 1 

260 

70-12 

282 

100-70 

304 

141-90 

217 

33-00 

239 

4910 

261 

71-25 

283 

102-20 

305 

144-05 

218 

33-70 

240 

50-00 ' 

262 

72-45 

284 

103-80 

306 

14615 

219 

34-20 

241 

50-90 i 

263 

73-52 

285 

105-60 

307 

148-30 

220 

35-00 

242 

51-75 ! 

264 

74-80 

286 

107-30 

308 

150-65 

221 

35-50 

243 

52-62 

265 

76-00 

287 

109 00 

309 

157-70 

222 

36-20 

244 

53-50 

266 

7725 

288 

110-80 

310 

155 00 

223 

37 00 

245 

54-40 , 

267 

78-50 

289 

112-65 

311 

157-20 

224 

37"50 

246 

55 '30 | 

268 

79-80 

290 

114-50 

312 

159-45 

225 

38-00 

247 

56-25 i 

269 

81-14 

291 

116-40 

313 

161-75 

226 

38 80 

248 

57-20 ; 

270 

82-50 

292 

118-30 

314 

164-20 

227 

39-50 

249 

58-20 1 

271 

83-90 

293 

120-25 

315 

166-70 

228 

40-20 

250 

59-12 ( 

272 

85-45 

294 

122-20 

316 

169-15 

229 

40-85 

251 

6010 

273 

86-95 

295 

124-15 

317 

171-70 

230 

41-55 

252 

61-12 

274 

88 50 

296 

126 05 

318 

174-30 

231 

42 25 

253 

62-15 

275 

90 00 

297 

128-00 

319 

176-80 

232 

43 00 

254 

63-26 

276 

91-55 

298 

129-80 

320 

179-40 

233 

43-75 

255 

64-40 

277 

9315 

299 

131-62 




Condensation of Steam. 

This is an important source of economy in a low-pressure 
engine, and was first economically applied by Watt employing a 
separate cylinder for condensation ; but before his time it had 
been condensed in the working cylinder, causing a great loss 
of heat each stroke of the engine. 

By Watt’s plan, the steam now passes from the working cy- 
linder into another one called the condenser, into which water is 
introduced to condense the steam. In Fig. No. 46, (see p. 163,) 
if, instead of opening the cock D, water had been introduced by 
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that pipe to the boiler A, the steam would have been con- 
densed, and the temperature and pressure reduced accordingly. 
The quantity of water required for condensation is considerable. 
If the total heat of steam of 15 lbs. pressure is nearly 1 178°, 
the water required for condensation would be indicated by the 
amount of heat to be abstracted from the steam and absorbed 
by the water. If we take the heat of water as 52°, and of 
steam as 1 178°, their difference is 1126°, to be divided by the 
quantity of heat which can be absorbed by the water without 
impairing the vacuum in the condenser. If this be taken as 

40°, we have ^ = 28 times, but if it be taken as 60°, which 

can be so absorbed, we have = 18' 7 times, or 28 times, as 

60 

the respective quantities of water required for condensation, or 
from 1 8 to 28 times the quantity necessary to form the steam, 
but variable according to the temperature of the condenser and 
condensing water. Since locomotive engines require tanks 
holding from 1400 to 1700 gallons of water for steam only, 
it will be seen that to carry about 20 times that quantity, or 
from 120 to 150 tons additional, would be a load of itself, be- 
sides the more complicated machinery of a condensing engine. 
Whilst water remains the agent of condensation, these are 
palpable difficulties in applying this plan to locomotives, 
although some ingenious attempts have been made by Mr. 
Adams to do so on an engine at the Eastern Counties Railway. 

The economy of condensing engines arises from their using 
low-pressure steam, which has a large volume, and the addi- 
tional pressure derived from the vacuum in the condenser. 
For if this vacuum is equal to 12 lbs., it adds that amount to 
the pressure in the boiler above the atmosphere, less the fric- 
tion of the condensing machinery. 

This pressure of 1 2 lbs. is that portion of the atmospheric 
pressure which is unbalanced by the pressure in the condenser, 
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and may be illustrated by diagram 
No. 47, where A is a glass tube 
having a bulb at one end contain- 
ing water, and fitted with the piston 
P. On heat being applied steam will 
be produced and the piston forced 
up to the top of the tube, and if 
the tube be then immersed in cold 
water the steam will be condensed, 
and the pressure of the air force 
the piston down again. 

This, however, would also cool 
the cylinder, requiring as much 
heat to raise it again to the steam 
temperature, a double source of ex- 
pence, but when conveyed to the separate cylinder C this loss 
is avoided. The downward pressure of the air would then be 
indicated exactly by a weight B suspended from the piston P 
over the pulley D, and over a perfect vacuum this would be 
14f, or say 15 lbs. per square inch in whole numbers. 

Volume , Force, and Condensation of Steam. 

If the cylinder A, Fig. No. 47, were 1 square inch area by 
1700 inches high, it would contain 1 cubic inch of water con- 
verted into steam of atmospheric pressure, and this steam 
would raise 15 lbs. to that height (nearly 142 feet - ). It is 
found that the volume of steam at that pressure is very nearly 
1700 times that of the water which produced it, hence the 
weight which the steam would raise being multiplied by the 
height, gives the effect produced by 1 cubic inch of water as 
steam = 142 ft. x 15 lbs. = 2 130 lbs. raised 1 foot high. By con- 
densing the steam into water again the atmosphere would force 
the piston down through an equal distance with an equal effect ; 
or if the cylinder was made air-tight at top, and steam of 
atmospheric pressure introduced, a like result would take place. 


Fig. 47. 


I) 
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If the pressure of steam is raised to 30 lbs. per inch, its 
volume is diminished to only 883 times that of the water 
which produced it, or equal to a height of 73| ft. x 30 lbs. 
pressure = 2205 lbs. as its mechanical force. At 1 00 lbs. per 
inch the volume of steam to water is as 295 to 1, or 24'58 ft. 
and 24’58 x 100 = 2458 lbs. raised 1 foot. This shows that 
the effect increases slowly with the pressure ; but it is usual 
to take the mechanical value of 1 cubic inch of water as equal 
to raise 1 ton 1 foot high, and the complete condensation of 
1 cubic inch of water as of an equivalent value. 

This gradual diminution of bulk from increased pressure is 
nearly as given in Table No. 38. 

Taking the steam produced under a pressure of 1 5 lbs. per 
square inch as one volume, or unity, the ratio of bulk to other 
pressures is approximately 






1 


BY EXPERIMENT. 

Lbs. 

Volume. 


Spaces. 

Lbs. 

Volume. 

Lbs. 

Volume. 

15 

= 

1 

or say 

50 

5 

4617 

75 

383 






6 

3897 

80 

362 

30 

about 

•5 

or 

ihx 

7 

3376 

90 

325 






10 

2426 

100 

295 

45 

If 

•36 

ii 

r<r I 

12 

2050 

110 

271 





15 

1669 

120 

251 

GO 

If 

•28 

ii 

7$ 

16 

1573 

130 

233 





18 

1411 

140 

218 

75 

» 

•22 

ii 

u 

20 

1281 

150 

205 






30 

883 

160 

193 

90 

If 

•18 

ii 

A 

40 

679 

170 

183 





45 

610 

180 

174 

150 

If 

•1G 

ii 

7T77 

50 

554 

190 

66 






60 

470 

200 

158 

120 

If 

•14 

ii 


70 

408 




Since each succeeding addition of pressure diminishes the 
volume of steam, causing it to act through a shorter and 
shorter distance, although with greater force through that 
distance, it follows that increased pressure requires an increased 
supply of both heat and water to produce a volume of steam 
corresponding to low-pressure steam. The power would be 
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increased in the ratio of the pressure and diameter of the 
cylinder ; but if no increase of power is required, a smaller 
cylinder or greater expansive action would be necessary to 
economy. 

The frictional surface of a small piston is, however, greater 
for its area of acting surface than a large one, whilst an 
increase of pressure gives corresponding advantages to the 
larger piston, as seen in the following table : 

Table, No. 39. 

COMPARATIVE RUBBING AND PRESSING SURFACES OF 
PISTONS, WITH INCREASING POWER FOR EACH ADDI- 
TIONAL 10 LBS. PER SaUARE INCH. 


Diana. 

PISTON. 

Power for each 
10 lbs. press, on 
the piston. 

Rubbing 
surface, or 
circumference. 

Acting 
surface, or 
area. 

Ratio of 
acting to 
rubbing. 

Inch. 

Lineal inch. 

Square inch. 

Rub. = r. 

lbs. 

6 

18-849 

28-274 

H 

282-7 

7 

21-991 

38-484 

i 2 

384-8 

8 

25132 

50-265 

2 

502-6 

9 

28-274 

63-617 

2| 

6361 

10 

31-416 

' 78-54 

2 j 

785-4 

11 

34-557 

9503 

H 

950-3 

12 

37-699 

113097 

3 

1 130-9 

13 

40-84 

132-732 

3i 

1327-3 

14 

43-98 

153-938 

3! 

1539-3 

15 

47124 

176-715 

3| 

1767 1 

16 

50-265 

201-062 

4 

2010-6 

17 

53-407 

226-98 

4£ 

2269-8 

18 

56-548 

254-469 

4i 

2544-6 

19 

59-69 

283-529 

4| 

3835-2 

20 

62-832 

314 16 

5 

3141-6 

21 

65-793 

346-36 

H 

3463-6 

22 

69T15 

380-13 

5* 

3801-3 

23 

72-256 

415-476 

52 

4154-7 

24 

75-398 

452-39 

6 

4523-9 


PART II. I 
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By this table it is seen that whilst a 9-inch piston has an 
area of only times its boundary or rubbing surface, an 18-inch 
piston has an area of double that ratio, or 4J times its circum- 
ference. The depth of the respective pistons may slightly but 
not materially alter this ratio, whilst the increase of power for 
an additional 10 lbs. of pressure on each square inch is for 
the 9-inch piston 636 lbs., and for the 18-inch piston 2544 lbs., 
or four times that of the smaller piston. 


Volume of Steam. 

In determining the size of cylinder for any given pressure, 
or for any given boiler, the volume of steam is a necessary 
element in the calculation, and for this purpose the following 
rules are submitted for ordinary steam. They are based on 
the ascertained facts that steam of atmospheric pressure is 
very nearly 1700 times the volume of the water which produced 
it ; and that for each additional degree of heat of Fahrenheit’s 
scale, steam expands when in contact with water, ’00202 times 
its bulk, hence for any other pressure we have : 

y , _ 1700 x 14*75 1 x *00202 (temp. — 32) 

pressure * 1 x *00202 x 180 
The following rules are very simple in their application : 

By Pambour, 

Volume-- 10000 


Pole gives. 


1*421 x *331 pressure 


Volume = - 


24250 


+ 65 


pressure 

Ex . — Required the volume of steam of 1 00 lbs. pressure per 
square inch relatively to water as 1 ? 

By Pambour, 

10000 „ . 

289*6 times. 


By Pole, 


100 x *331 x 1*421 


? 425 ^ 05 - 

100 


307*5 
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or a difference of nearly 1 8 volumes of the water forming the 
steam. 

The volume may also be found by adding 4*29 to the pres- 
sure in pounds per square inch, and deducting the logarithm 
of this sum from 4*4799. The natural number of the remainder 
will give the ratio of the volume of steam to water. 

For the last example we have — 

log. of 100 + 4‘29 =■ 2 - 0182; and 4*4799 

less 2-0182 = 2*4617 

and the natural number of 2*46 1 7 = 289’4 
or nearly the same as Pambour’s formula gives. 

Tate’s formula is, volume = 125 + 20570 pressure — -9301, 
which gives very near results to experiment, but it is of a more 
complex description than those previously given. 

The volume of steam under expansion may be found by 
adding 459, to the respective temperature, before and after ex- 
pansion, and dividing the greater by the lesser sum. ’ The 
volume due to the lowest temperature multiplied by the quo- 
tient will give the volume for the highest temperature. 

Frost’s experiments on heating steam separated from water 
show a very different ratio of expansion. At the temperature 
of 216° the volume was doubled, at 228° it was trebled, and at 
650° it was more than seven times the volume at 212°, or up- 
wards of eight volumes altogether. Whether the manner of con- 
ducting these experiments had anything to do with the results 
or not, they sufficiently indicate that further investigation is 
necessary to determine the volumes of steam from direct expe- 
riment, and not as generally by comparison with permanent 
gases, more particularly at high temperatures. 

Velocity of Steam. 

Steam is estimated to flow into a vacuum with a velocity 
equal to that due to a body of the same density falling 
through a space equal to the height of a column of steam of 
the given pressure. For instance, it would require a column 

i 2 
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of steam about 63500 feet high to give a pressure of 45 lbs. 
upon a square inch. The velocity due to the pressure may be 
found by adding 4 - 29 to the pressure in pounds per square 
inch, and deducting the logarithm of this sum from the 
logarithm of the pressure. To one-half the remainder add 
3*3254, and the natural number of this sum will be the velocity 
in feet per second. 

Example . Required the velocity with which steam of 
100 lbs. pressure would rush into a vacuum ? 

Pressure 100 lbs. whose log. = 2*00000 
and pressure 100 + 4*29 = 104*29 whose log. = 2*01828 

and remainder 1 ) 9*98172 


leaves 9*99086 
to which add 3*3254 


gives 3*31626 whose 

natural number = 2071 feet per second. 


Table, No. 40. 

VELOCITY OF STEAM IN FEET PER SECOND, BY THIS 

RULE. 


Pressure. 

Velocity in feet. 

Pressure. 

Velocity in feet. 

Pressure. 

Velocity in feet. 

lbs. 

per second. 

lbs. 

per second. 

lbs. 

per second. 

5 

1552 

80 

2061 

155 

2085*3 

10 

1770 

85 

2064 

160 

2086 

15 

1856 

90 

2067 

165 

2086*7 

20 

1919 

95 

2069 

170 

2087-5 

25 

1955 

100 

2071 

175 

2088-3 

30 

1978 

105 

2073 

180 

2089 

35 

1997 

no 

2075 

185 

2089-7 

40 

2010 

115 

2077 

190 

2090-5 

45 

2021 

120 

2079 

195 

2091-3 

50 

2030 

125 

2080 

200 

2092 

55 

2037 

130 

2081 

205 

2092-7 

60 

2043 

135 

2082 

210 

2093-5 > 

65 

2049 

140 

2083 

215 

2094-3 

70 

2053 

145 

2083-7 

220 

2095 

75 

2057 

150 

2084-5 

250 

2132 


The difference between the velocities of any two pressures is 
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the velocity with which steam would flow into steam of a lower 
pressure. Thus, steam of 120 lbs. gross pressure, would flow 
into steam of 20 lbs. pressure, at a velocity of 2079 — 2010 = 
69 feet per second. 

Such is the estimated velocity of steam when there are no 
frictional obstructions to its passage ; but, as these are con- 
ditions not obtainable in practice, the velocity will be reduced 
in proportion to the resistances it has to overcome. In loco- 
motive engines at high velocities these resistances are very 
considerable ; for, with a back pressure from ^ to J of that 
in the boiler, narrow steam-ports, incomplete exhaustion, and 
rapid action of the slide, this velocity it is evident must be 
very materially lessened. Those who have carefully observed 
indicator cards will have seen that the steam in the cylinder, 
only attains a force near that in the boiler, when the resistances 
against the piston retard its progress until such force has 
accumulated ; but, if the resistance does not require that force, 
the piston moves on more rapidly than allows time for such 
accumulation. 

The steam may, therefore, be 100 lbs. in the boiler ; hut, if 
35 lbs. will overcome the resistances againt the piston, including* 
the back pressure, the piston will move on with a velocity to 
prevent a greater pressure. Yet if that piston were arrested, 
even for a second, the pressure would equalize itself very nearly 
in the boiler and in the cylinder. This indicates that the 
velocity of the steam, in passing from the boiler to the cylinder, 
is not so great but that the motion of the piston sensibly 
affects its accumulation there. Since 1000 feet per minute is 
an extreme velocity for a piston, it leads to the conclusion 
that the actual velocity of steam, in a locomotive engine, is 
moderate ; but what the exact velocity may be remains to be 
determined by experiments. 

Temperature and Force of Steam. 

To determine the relation between the force and tempera- 
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ture of steam a great many experiments hare been made, 
both in Europe and America. In 1762, Watt commenced 
the modern investigations of the properties of steam, and his 
splendid practical success gave an impetus to such inquiries, 
which has not been exhausted. In 1829, the French Academy 
of Science appointed a Committee to solve the question by 
experimental research on a most elaborate scale. These ex- 
periments were conducted by Messrs. Arago and Dulong, aided 
by the best instruments, and their own extensive knowledge of 
natural philosophy. Having decided, on testing, the force of 
steam by a barometric tube filled with mercury, they had one 
made in 13 pieces, each 78f inches long, to join together so 
as to form one enormous glass tube, having a bore of about 
of an inch diameter for the mercurial column. This was 
erected against the old church tower of Genevieve, and experi- 
ments made to determine the accuracy of Mariotte’s law of 
air, that its pressure or force is inversely as the space a given 
quantity is made to occupy. Having found this law very nearly 
correct to the high pressure of 24 atmospheres, and as the fears 
of the authorities for the old Tower from an explosion of the 
•boiler led the large barometer to be taken down, they employed 
carefully constructed air-gauges similar to figs. Nos. 41, 42, 
to determine the force of the steam. One thermometer was 
placed in the boiler to ascertain the temperature of the steam, 
as in fig. No. 46, and another placed nearly to the bottom of 
the water, that the temperature of both water and steam 
might be ascertained at once, which were found to correspond 
exactly, and the steam to be of the same temperature as the 
water which produced and was in contact with it. 

The compression of the air in the gauge, by the force of the 
steam acting on the mercury, gave its pressure at the same 
time ; so that the force and temperature were simultaneously 
determined at the same instant up to 24 atmospheres, and by 
calculation extended to 50 atmospheres, as given in the follow- 
ing table. 
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Table, No. 41. 

MESSRS. ARAGO AND DULONG’s EXPERIMENTS OF THE 
TEMPERATURE AND PRESSURE OF STEAM. 


Atmospheres. 

Deg. Fah. 

Deg. Cent. 

lbs. per Inch. 

Kil.per sq.Centi. 

i 

212 

100 

14-706 

1-0335 

H 

233-96 

112-2 

22 059 

1-5502 

2 

250-52 

121-4 

29-412 

2 067 

2* 

263-84 

128-8 

36-765 

2-5837 


275 18 

1351 

44-118 

3-1005 


285-08 

140-6 

51-471 

3-6172 


293-72 

145-4 

58-824 

4-134 


300-30 

149-6 

66177 

4-6507 


307-54 

1531 

73-53 

51675 


314-24 

156-8 

80-883 

5-7842 


320-36 

160-2 

88-236 

6-2010 

6* 

326-26 

163-48 

95-589 

6-7177 


331-70 

166-5 

102-942 

7-2345 


336-86 

169-37 

110-295 

7-7512 


341-78 

172-1 

117-648 

8-268 


350-78 

177-1 

132-354 

9-3015 

10 

358-88 

181-6 

147 060 

10-3350 

11 

366-85 

I860 

161-766 

11-3685 

12 

374 00 

1900 

176-472 

12-402 

13 

380-66 

193-7 

191-178 

13-435 

14 

386 94 

197-19 

205-884 

14-469 

15 

392-86 

200-48 

220-59 

15-5025 

16 

398-48 

203-6 

235-296 

16-536 

17 

403-82 

206-5 

250 002 

17-5695 

18 

408-92 

209-4 

264-708 

18-6030 

19 

413-78 

212-2 

279-414 

19-6365 

20 

418-46 

214-7 

294-120 

20-67 

21 

422-96 

217-2 

308-826 

21-7035 

22 

427-28 

219-6 

323-532 

22-7370 

23 

431-42 

221-9 

338-238 

23-7705 

24 

435-56 

224-2 

352-944 

24-8040 

25 

439-34 

226-3 

367-650 

25-8375 

30 

457-16 

236-2 

441-18 

31-005 

35 

472-73 

244-85 

514-71 

36 1725 

40 

486-59 

252-55 

588-24 

41-34 

45 

499-13 

259-52 

661-77 

46-5075 

50 

f 510-60 

265-89 

735-33 

51-6750 


After mathematically analysing the results of these experi- 
ments, and the law by which they were extended to 50 at- 
mospheres, and reviewing the previous laws of Tredgold and 
others, Pambour gives the following useful table as a close 
approximation to the real values of steam. 
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Table, No . 42. 

PRESSURE, TEMFERATURE, AND RELATIVE VOLUME OF 
STEAM TO THE WATER THAT PRODUCED IT, TAKING THE 
WATER AS UNITY OR 1. 


Pressure 
per square 
inch. 

Temp. 

Volume 
of water 
being 1. 

1> U 

U 4 

§§•? 
£ * c 
j* *•— 

— O 

o. 

Temp. 

Volume 
of water 
being 1. 

1 %i 

£“.S 

3-4 Cj 

A 

Temp. 

Volume 
of water 
being 1. 

lbs. 

Fah. 

No. j 

■ 1 


No. 

lbs. 

Fab. 

No. 

1 

iumi 

Ena 


265-3 

710 

75 

308-9 

381 

2 

1261 


39 

266-9 

693 

76 

309-9 

377 

3 

141-0 

7455 


268-4 

677 

77 

310-8 

372 

4 

152-3 

5695 

41 

269 9 

662 

78 

311-7 

368 

5 

161-4 

4624 

42 

271-4 

647 

79 

312-6 

364 

6 

1G9-2 


43 

272-9 

634 

80 

313-5 

359 

7 

IK'S 1 ] 

3380 

44 

274-3 

620 

81 

314-3 

355 

8 


2985 

45 

275-7 

608 

82 

315-2 

351 

9 

187-4 

2676 

46 

277-1 

596 

83 

3161 

348 

10 

192-4 

2427 

47 

278-4 

584 

84 

316-9 

344 

11 

1970 

2222 

48 

279-7 

573 

85 

317-8 

340 

12 

201-3 


49 

281-0 

562 

86 

318-6 

337 

13 

205-3 


50 

282-3 

552 

87 

319-4 

333 

14 

209-0 

1777 

51 

283-6 

542 

88 


330 

15 

213-0 

1669 

52 

284-8 

532 

89 

321-1 

326 

16 

216-4 

1572 

53 

286-0 

523 

90 

321-9 

323 

17 

219-6 

1487 

54 

287-2 

514 

91 

322-7 

320 

18 

222-6 

1410 

55 

288-4 

506 

92 

323-5 

317 

19 

225-6 

1342 

56 

289 6 

498 

93 

324-3 

313 

20 

228-3 

1280 

57 

290-7 

490 

94 

325-0 

310 

21 

2310 


58 

291-9 

482 

95 

325-8 

307 

22 

233-6 

1172 

59 

293 0 

474 

96 

326-6 

305 

23 

236-1 

1125 

60 

294-1 

467 

97 

327-3 

302 

24 

238-4 

1082 

61 

294-9 

460 

98 

328-1 

299 

25 

240-7 

1042 

62 

295-9 

453 

99 

328-8 

296 

26 

243-0 


63 

297-0 

W rM 

■ 

329-6 

293 

27 

245-1 

971 

64 

298 1 



33.3-2 

281 

28 

247-2 


65 



120 

343-3 

249 

29 

249-2 


66 

iTnJJ 

V ' 

135 

352-4 

224 

30 

251-2 

882 

67 

IfifM 


150 

360-8 


31 

253-1 


68 

302-2 

417 


368-5 

187 

32 

255-0 

831 

69 


411 

Efcfl 

375-6 

173 

33 

256-8 


70 

304-2 

406 

195 

382-3 

161 

34 

258-6 

786 

71 


401 


388-6 


35 

260-3 

• 765 

72 


396 


394.6 

141 

36 

262-0 

746 

73 


391 



133 

37 

263-7 

727 

74 

308 0 

386 
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In 1832-3 The Franklin Institute of America made a series 
of elaborate experiments to determine the diffused heat in 
steam of 212° to 215°, by condensing a given weight of steam 
in a given quantity of water. 

Fig. No. 48, shows the method adopted and care exer- 
cised to obtain accurate results. F, the boiler into which the 
copper vessel L, containing the heater S, was placed to sustain 
the temperature of the boiler during the trial. \V, k, g, a pipe 
for conveying the steam to the condenser A, filled with a known 
quantity of water. The steam was allowed to flow from the 
boiler and condense until the condenser was filled, when 
it was shut off by the cock k. The condenser and con- 
tents being then accurately weighed showed the weight of 
steam which had been condensed, and the thermometer t 
showed the increase of the temperature of the water in A. 
Of the three other thermometers, e showed the temperature 
of the steam, i the temperature within the radiation protector 
B, and o the surrounding temperature of the apartment. 

These thermometers were all carefully adjusted and correc- 
tions made for their respective duties, and both condenser and 
boiler incased to prevent loss of heat by radiation. A reflecting 
tin plate, P, was also placed between them, to guard against the 
least influence from the boiler affecting the condenser. 

The principal results are given in table No. 43. 


i 3 
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Table, No. 43. 


LATENT OR DIFFUSED HEAT IN STEAM. 


STEAM. 

WATER. 

DIFFUSED 

HEAT. 

Temp, before 
condensation. 

£.§ 
« a 
£ * 

il 

® 0 

H 0 

Quantity 

condensed. 

Condenser, 
made of. 

Quantity in 
condenser. 

Temp, before the 
admission of steam. 

Temp, increased by 
the condensation of 
the steam admitted. 

In each 
experiment. 

Mean of 
experiments. 

Fah. 

Fah. 

Grains 

Material. 

Grains 

Fah. 

Fah. 

Fah. 

Fah. 

214 

127-5 

347 

f thin 1 
1 copper, j 

38659 

75-35 

10-75 

1086-5 


215 

129-25 

504 


38659 

70-9 

14-85 

1025-5 


215 

139-25 

241 


39305 

68-75 

7 

1018-95 


214 

136-75 

250 

ft 

39305 

70 

7-25 

1019-55 










1037-87 

213 

120-35 

299 

r thick 1 
l glass. J 

17112 

74-6 

18-05 

996-9 


215 

127 

192 

ft 

17112 

75-5 

12-5 

1077 82 


2 ! 4 

139-5 

156 


17428 

64-6 

9-9 

1044-8 


213 

139-75 

127 

ft 

17428 

65-25 

8J 

1035-75 










1038-51 

213 

134-2 

167 

/ thin "I 
\ glass. J 

18405 

68-5 

10 

987 3 


212 

143-5 

156 

ft 

17428 

58-5 

10 

1003-3 





f thick I 





995-3 

213 

123 8 

169 

< sheet 1 

13152 

75-1 

14-1 

1027-2 





[ iron. J 






214 

124-2 

* 

190 

tt 

13152 

73-7 

16-1 

;i043-5 










1035-35 


Having made these experiments on diffused heat the Com- 
mittee extended their researches to ascertain the relation be- 
tween the temperature of the steam and its elastic force. For 
this purpose they employed a small boiler 1 2 inches diameter 
and 344 inches long, having a glass window in each end for 
observation, besides the usual gauge-cock and glass water- 
gauge. A mercurial cistern was attached to the boiler, and 


Digitized by Google 




180 


FRANKLIN INSTITUTE ON THE 


into the cistern was fitted, steam tight, an air-gauge 26-43 
inches long, of the class fig. No. 41, having its open end in the 
mercury. A scale of pressures having been carefully adjusted 
to this gauge-tube, thermometers were applied to test the 
temperature of the water and of the steam in the boiler. 
Much care was taken to obtain accurate results from the pres- 
sure of the steam on the gauge, and to note at the same time the 
temperature indicated by the thermometers. 

As with all other experiments on steam and water in con- 
tact with each other, the temperature was ascertained to be 
the same in both. 

When the first trials were completed it was found that they 
differed considerably from those of the French Academy, when 
they were repeated with all the advantage of experience and 
precaution gained from the first series. The results of both 
series are given in Tables, Nos. 44, 45, and Table No. 46, is 
a summary of the mean pressures in atmospheres. 

Table, No. 44. 

ELASTIC FORCE OF STEAM BY THE FRANKLIN INSTITUTE. 


(First Series of Experiments .) 


Temp, of 

Temp. 


Height of 

Compres- 



of air in 



sure on air in 

Total elasticity 

steam. 

steam- 

48° 

in steam- 

steam-gauge 
equal to 

per square inch, in 


gauge. 

gauge. 



Fnhr. 

Fahr. 

Vole. 

In. mer 

In. mer. 

In. mer. 

Atmos, of 
30 in. mer. 

262* 

74 

3-737 


59-09 

72-99 

2-43 

268* 

l» 

3-259 

16-34 

67-76 

82-97 

2-76 

275* 

1* 

2-898 

17-34 

76-20 

92-42 

3 08 

286* 

9t 

2-319 

18-94 

95-23 

113-07 

3-77 

296* 

»» 

1-948 

19-94 

113-36 

132-21 

4-41 

298* 

ft 

1-891 

2011 

116-76 

135-80 

4-53= 

mmm 

>♦ 

1-767 

20-44 

124-98 

144-33 

4-81 3 

■Ml 

75 

1-641 

20-79 

134-57 

154-28 

5-14 

513* 


1-422 

21-39 

155-30 

175-61 

5-85* 

317* 


1-332 

21-64 

165-79 

186-36 

6-21 

320f 

76 

1-255 

21-79 

173-20 

193-92 

6"46 

327* 

1 1 

1-113 

22-24 

198-41 

21914 

7-30 

333* 

ft 

0-950 

22-69 

232-46 

254-09 

8-47 
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Table, No. 45. 

ELASTIC FORCE OF STEAM BY THE FRANKLIN INSTITUTE. 

(Second Series of Experiments.) 


Temp, of 
steam. 

Temp, 
of air in 
steam- 
gauge. 

Volumes 
of air at 
48- 

Height of 
mercury 
in steam- 
guage. 

Compres- 
sure on air in 
steam-gauge 
equal to 

Total elasticity 
per square inch, in 

Fahr. 

248* 

Fahr. 

53 

Vols. 

4-277 

In. mer. 
1404 

In. mer. 

46*19 

In. mer. 
59-08 

Atmos, of 
30 in. mer. 

1*97 

269* 

52 

3-026 

17-34 

65-29 

81-51 

2-72 

284* 

If 

2-152 

19-64 

91-76 

110-30 

3-68 

289* 

>» 

1-974 

20-06 

100 05 

119-02 

3-97 

294* 

53 

1-802 

20-56 

109-63 

129-11 

4-30 

299* 

54 

1-611 

21-04 

122-66 

142-62 

4*75 

304* 

54* 

1-500 

21-34 

131-66 

151-92 

506 

310* 

ff 

1-382 

21-64 

142-94 

163-51 

5-45 

314* 

55 

1-233 

22 04 

160-26 

181-23 

604 

319* 

55* 

1-124 

22-34 

175-86 

197-13 

6-57 

329* 

56 

0-937 

22-84 

210-84 

232-62 

775 

334* 

57 

0-904 

22-94 

218-60 

240-48 

8-02 

338* 

57* 

0-870 

23-04 

226-92 

548-92 

8-30 

345 

9t 

0-805 

23-24 

245-44 

267-62 

8-92 

348 

58 

0-771 

23-34 

256 05 

278-33 

9-28 

350 

t* 

0-737 

23-44 

267-97 

290-35 

9-68 

352 

») 

0-719 

23-50 

274-92 

297-36 

9-91 

346 

62 

0-785 

23-28 

251-78 

274*00 

913 
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regnault’s experiments 


Table, No. 46. 

MEAN ELASTIC FORCE OF STEAM, FROM THE FRANKLIN 
EXPERIMENTS IN ATMOSPHERES. 


Pressure. 

Observed 

Temp. 

Pressure. 

Observed 

Temp. 

Pressure. 

Observed 

Temp. 

Pressure. 

Observed 

Temp. 

Atmo9. 

Fahr. 

Atmos. 

Fahr. 

Atmos, 

Fahr. 

Atmos. 

Fahr. 

1 

212 

3* 

284 

6 

3151 

81 

3401 

1* 

235 

4 

2911 

6* 

321 

9 

345 

2 

250 

41 

2981 

7 

326 ' 

91 

349 

2i 

264 

5 

304 i 

n 

331 

10 

3521 

3 

275 

H 

310 

8 

336 




M. Regnault has recently concluded an elaborate series of 
experiments on the heat and force of steam for the French 
Government. The practical results of these valuable experi- 
ments are given in tables Nos. 47 — 49. From these tables it 
appears that there is a regular increase in the total heat of 
steam up to the extent of these trials, or to 13‘6 atmospheres, 
accothpanied by a gradual decrease of diffused heat. It had 
hitherto been held that the heat of steam was the same for 
all pressures, but Mr. Regnault shows an increase of 45° from 
a pressure of 15 lbs. to one of 200 lbs. This is, however, so 
small an increase that it could scarcely develope itself at the 
low pressures experimented on by Watt and Southern, who 
differed as to whether it was the sensible or diffused heat of 
steam which was constant. Watt’s view was that the diffused 
heat was not constant, but could be found by deducting the 
thermometric heat from the total heat of steam. Southern 
held that the diffused heat was constant, and this heat added 
to the thermometric heat gave the total heat. Regnault’ s ex- 
periments show that neither are constant, but that the diffused 
heat decreases from 973° to 880° or 93°, and that the thermome- 
tric heat increases from 1 186° to 1231° or 45°. The difference 
, between Regnault and Watt is therefore 45°, and between 
Regnault and Southern 93°, over a range of pressure many 
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times greater than was experimented on by these early and able 
pioneers of steam engineering. 

Table, No. 47. 


EXPERIMENTS UNDER VERY LOW PRESSURES. 


Experiments. 

Pressure 

Milemetre. 


Temperature. 

Quantity by 
weight after 
condensation . 

Quantity in 
calometer. 

Temperature. 

Temperature 
increased by 
condensation. 

Total heat. 

Absorbed by 
the steam. 

No. 

Mm. 

Cent. 

Grms. 

Grms. 

Cent. 

Cent. 

Units. 

Units. 

1 

4-5 

- 

02 

5-250 

542-0 

9-21 

5-748 

601-5 

592-3 

2 

39 

- 

21 

5-180 

541-8 

12-17 

5-713 

608-9 

596-7 

3 

46 


0- 

5-127 

541-8 

12-44 

5-624 

605-8 

593-4 

4 

7-7 

+ 

7-4 

5170 

541-4 

15-47 

5-725 

614-5 

599 0 

5 

8-3 

+ 

8-5 

5-262 

541-3 

16-47 

5-815 

613-5 

597-0 

6 

7'8 

+ 

76 

5127 

5413 

1617 

5-642 

611-5 

595-3 

7 

90 

+ 

8-6 

5-178 

541-0 

1874 

5592 

603 0 

584-3 

8 

10-3 

+ 

11-8 

5-240 

5410 

19-22 

5-675 

605-1 

585-9 

9 

7-8 

+ 

7-6 

5-220 

541-0 

19-21 

5-738 

613-8 

594-6 

10 

11-9 

+ 

140 

5-252 

5410 

20-20 

5-725 

609-9 

589-7 

11 

100 

+ 

11-4 

5152 

5410 

20-31 

5-557 

602-7 

582-4 

12 

115 

+ 

13-5 

5-242 

540-9 

21-48 

5-744 

614-3 

592-8 

13 

66 

+ 

5-2 

5-271 

540-8 

21-72 

5-761 

611-9 

590-2 

14 

5-3 

+ 

20 

5-221 

540-8 

21-71 

5-717 

6130 

591-3 

15 

12-4 

+ 

14-7 

5-200 

540-4 

23-05 

5-694 

615-4 

592-4 

16 

8-3 

+ 

8-5 

5-250 

540-4 

23-54 

5-697 

610-6 

587-1 

17 

8-3 

+ 

8-5 

5-195 

540-3 

22-81 

5-626 

609-7 

585-9 

18 

8-6 

+ 

90 

5-162 

540-3 

24 09 

5-605 

611-5 

587-4 

19 

8-5 

+ 

8-9 

5-216 

540-3 

2410 

5-676 

611-7 

587-6 

20 

13-1 

+ 

16-6 

5-192 

540-1 

26-40 

5-641 

613-1 

586-7 

21 

Op 

+ 

8-3 

5-085 

540 0 

27-57 

5-523 

614-1 

586-5 

22 

7-2 

+ 

6-4 

5-207 

" -V 

539 9 

28-16 

5-705 

619-7 

591*6 
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Table, No. 48. 

HEAT OF STEAM BELOW ATMOSPHERIC PRESSURE. 


STEAM. 


Pressure. I Temperature. 


*1 


cl 

.t; a 

3*2 


® 8 

30 • 
0(8 


Temperature. 




8*ii 



0836 
0-692 
0-676 
0-574 
0-567 
0-528 
0-619 
0-486 
0-478 
0-474 
0-470 
0-468 
0-435 
0-404 
0-325 
0-322 
0-813 
0-303 
5-281 
0-270 
•47 0-239 
0-224 


605454 
66737-8 
66538-5 
66545-3 
66545-6 
665400 
66534-9 
66542 4 
66534-4 
66535 0 
66543-5 
66543-5 
66538-1 
66545-3 
66538 1 
66538-2 
66545-3 
60545-3 
66538-4 
66545-5 
66538-4 
66545-5 


Cent. Cent. 
0 00350 633-4 

0 00350 833 1 
0-00350 628-4 
0 00350 628-6 
0 00350 631-7 
0 09850 629-9 
0 00345 628-9 
0 00346 631 0 
0 00340 628-8 
0 00340 627-7 
0 00340 628-8 
0 00340 630-2 
0-00240 630-1 
0-00340 627 0 
0 00340 628-6 
0-00340 624-4 
0 00320 622-2 
0-00320 626-9 
0 00320 626-4 
0 00320 622-5 
0 00320 624-7 
0 00320 622-9 
0 0 0320 625-6 
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Table, No. 49. 

HEAT OF STEAM OF ATMOSPHERIC PRESSURE. 


STEAM. 

WATER. 

I1EAT OF 
THE STEAM. 

Pressure in 

Temperature. 

If 

ag 

Quantity in 
condenser. 

Temperature. 

Total of 
steam. 
Dep. Cent. 

Diffused 
or latent. 
Deg. Cent. 

£ s 

ti u 

E 3 
SS 
So 

I 

<%Z 

ill 

. 

42 c ^ 
8 

«-°fl 

SSg 

Before 
steam is 
admitted. 

Increased 
after steam 
is con- 
densed. 

Mm. 

Atm. 

o 

o 

Grms. 

Grms. 

Cent. 

Cent. 

o 

Cent. 

746-52 

0 - 9 S 3 

99- 19 

21-50 

049 10 

66524 0 

12-81 

8-7441 

633-3 

633-91 

746-55 

0-983 

99-40 

24-80 

1255 15 

66520-4 

13-40 

11-4829 

634 1 

634-61 

76706 

1-009 

100 26 

22-85 

1287-88 

66534-4 

1100 

11*8532 

635-2 

634-96 

765-94 

1008 

100-22 

21-98 

120079 

66534-4 

1100 

11-0485 

634 0 

533-78 

770 13 

1013 

100 37 


1310-85 

66538 6 

619 

121728 

633-4 

533-03 

766-37 

1-011 

100-31 

. . 

1413-45 

66538 1 

6-96 

13 0710 

635 4 

635 09 

746-43 

0 - 9 S 2 

99-49 

23-71 

123110 

66523-5 

13-00 

11-3471 

635-8 

536-31 

745-71 

0-981 

99-40 

23-38 

1230 10 

66523 T 

13-09 

11-3356 

636-3 

530-84 

741-29 

0-975 

99-31 

23-53 

1240-23 

66523-3 

13 05 

11-4284 

636 4 

537 09 

740-82 

0-975 

09-28 

2416 

1233 05 

66522-5 

13-27 

11-3744 

637-6 

538-32 

76519 

1-007 

100 T 9 

22-37 

1272-84 

66535-4 

10-76 

11-7391 

636 0 

636-81 

765 19 

1007 

10019 

23-00 

1308-85 

66527-3 

1102 

12 0794 

636-8 

630-01 

765-23 

1007 

100 19 

23-03 

1297-65 

66526 2 

11-26 

11-9100 

638 3 

538-11 

765-28 

1-007 

10019 

22-85 

1275-57 

66634-4 

1100 

11-7908 

637-9 

677-71 

765-20 

1007 

10019 

21-63 

112104 

66526-2 

11-27 

10-3542 

635-9 

635-71 

76700 

1-009 

100-26 

22-22 

1274-57 

66535-2 

10-83 

11-7613 

635-9 

635-64 

767-03 

1-009 

100 26 

22-38 

1371-61 

66526-7 

1114 

12-6883 

837-9 

537-64 

767 12 

1-009 

100 26 

2201 

1369 23 

66527-6 

10-91 

12-6066 

037-9 

537-64 

767 02 

1-009 

100 26 

20-92 

109903 

66533-4 

11-23 

101540 

635-0 

535-34 

767 00 

1-009 

100-28 

21-00 

1120 99 

66634 0 

1105 

10-3599 

835-8 

635-54 

767-09 

1-009 

100-26 

23-81 

1425-42 

66526-2 

11-29 

13 1368 

636-7 

536 41 

765-87 

1-008 

100-22 

23 00 

1426-58 

66526-2 

11-26 

131702 

037 8 

536 38 

765-72 

1-008 

100-22 

21-45 

1213 19 

66535 0 

1088 

11-2514 

639-4 

537-18 

765-90 

1-008 

100-22 

23 07 

1376*68 

06527 0 

1104 

12-6004 

636-8 

536-58 

765-92 

1-008 

100-22 

2200 

1230 03 

665349 

10-90 

11-3640 

636-6 

536-38 

765-85 

1-008 

100-22 

2285 

1321-87 

66527 1 

1106 

12-2085 

637-2 

536-99 

770 T 0 

1013 

100 37 

18-79 

1384-70 

66546-8 

603 

12-8426 

630' 1 

635-74 

769-50 

1011 

100-32 

1800 

1266-75 

66545-6 

6-30 

11-7818 

636-7 

536-38 

768 17 

1011 

100-32 

19-37 

1395 18 

66588-5 

6-51 

12-0470 

637-3 

537 08 

768-32 

1-011 

100-31 

19'32 

1364-70 

60545-3 

6-82 

12-5640 

6361 

535-79 

766 19 

1-008 

100-22 

1603 

1360-22 

66544-2 

413 

12-7499 

635 0 

535-38 

766-24 

1-008 

100-22 

22-37 

1956 04 

60536-9 

404 

18-0644 

636-9 

636-68 

767 15 

1009 

100 28 

18-36 

1455 09 

065 419 

4 64 

13-5057 

636-9 

52561 

767-23 

1009 

100-26 

2019 

1612-69 

68537-9 

4-89 

14 9242 

635-9 

535-64 

735-76 

0*968 

9900 

18-89 

1357-20 

66545-6 

607 

12-5778 

635-7 

636-01 

735 76 

0-968 

09*09 

21-50 

1772-29 

66537*8 

4-78 

16 3707 

6361 

637 01 

735 09 

0-967 

0907 

1802 

1363-38 

665 45 6 

6-64 

12-6746 

036-6 

537-63 

735-09 

0-967 

99 07 

20 19 

1675-64 

66538-6 

5-58 

14-6091 

636-9 

637-83 

742-87 

0-977 

99'36 

1816 

1431-45 

66543-3 

3-77 

13-2922 

6361 

636-75 

742-87 

0'977 

99-36 

1918 

1019-65 

66537 1 

404 

15 0354 

636-8 

637-46 

742 08 

0-976 

99-33 

16-80 

1413-95 

66544-2 

412 

13- 1655 

637-3 

637-97 

742 05 

0-976 

99-33 

2019 

1691-20 

60537-8 

475 

16-6584 

636 4 

637 07 

740 53 

0-974 

99-27 

1903 

1483 10 

665450 

4-81 

13 7420 

635-7 

636-43 

740-53 

0974 

9927 

19-75 

1590-60 

66538-4 

519 

14-7505 

636-8 

637 53 


Note.— Cent, x 1*8 + 32 = Fah. ; Milemetre x *03937 = inches j Grammes + 453*544 
«= lbs. Heat conducted per minute — *004° Cent, 
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Mm. 
1448T7 
1462 73 
1582 92 
174281 
1768-75 
1849-26 
1962T7 
2285-26 
2273-47 
2335*18 
2325 68 
2340-83 
2365-94 
2370-32 
2126-85 
2498*63 
2517-90 
2588-05 
2842 03 
2860-71 
2911-76 
2955 66 
3042-61 
3049 85 
311600 
312800 
3149-25 
3223 09 
3323-69 
3437-85 
3565-81 
3883 14 
3945-55 
4046 13 

4067- 81 

4068- 44 
4070-52 
411506 
4195-50 
4268 10 
4350-09 
4643-15 
4653-76 
4821-20 
518211 
6212-47 
6127-67 


Grms. 
1456-27 
1000-48 
1253-75 
1282-58 
1669 45 
1315-25 

1517- 445 

1247- 20 
1262-70 

1234- 23 
1238-80 

1235- 50 
1376-53 
1488-95 
1641-90 
1212-76 
1407-72 
1211-70 
1287 05 
1339 02 
1184-84 
1353-60 
1221-20 
1445-32 

1248- 50 

1291- 00 
1307 01 
1208-80 
1305-50 
1299 00 
1298-48 
1144-96 
1409-90 
1338 14 
1402-45 
1490-46 
1313-88 
1269-90 
1360-26 

1518- 13 
149104 
1280-26 
1509-65 
1038-70 

1292- 20 
1459-05 
1390-60 


Grms. 
66537 0 
66536-9 
66537-4 
66545-8 
66538-5 
66545-8 
66538-5 
66527 1 
66526-6 
66523 0 
66523 0 
66525-2 
66545 4 
66538-5 
66538-7 
66545-7 
66538-4 
66545-6 
66544-9 
66637T 
66541-4 
66537-9 
66534-4 
66538-5 
66528-3 
66528-0 
66527-6 
66537-8 
66631-8 
66533 0 
66534-3 
66537-5 
66544-6 
66542-5 
66537-7 
66537-3 
66543-2 
66544-5 

66541 0 

66542 0 
66541-4 
66544-5 
66537-9 
66537-5 
66545-5 
66538-6 

I 66544-2 


Cent. 

13-6190 

9-3563 

11- 6780 
120700 
15-6032 

12- 3871 
1 4' 2464 

11-6942 

11-8112 
11-5746 
11-6347 

11- 5833 

12- 9977 
14 0530 
15-4585 
11-4794 

13- 2781 

11- 5038 

12- 2258 
12-7136 

11- 2475 

12- 8699 
11-5008 

13- 7108 

11- 7345 
121253 
122711 
11 4335 

12- 2756 
12-2761 
12-2523 
10-9170 

14- 2327 

12- 7840 

13- 3174 
14 1941 
12-5336 
121007 
13 0276 

14- 4533 

14-2382 
12-2476 

14-4008 

9-9838 
12-3514 
13 9473 
13 3434 


Cent. 
0-00578 
0 00578 j 
0 00578 i 
0 00600 ; 
0 00600 
000600 
000600 
0-00600 
000600 
0 00600 
0*00600 
000600 
0 00600 
000600 
000600 
000600 
0-00600 
000600 
0 00650 
000650 
0 00650 
000650 
0-00620 
0 00660 
0 00620 
000620 
0-00620 
0 00620 
0 00620 
0 00620 
000620 
0 00670 
000670 
000700 
0 00700 
0 00700 
0 00700 
0-00700 
000806 
0 00805 
0 00805 
0 00810 
0 00810 
000830 
0 00830 
0-00830 
0 00850 
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STEAM. 

WATER. 

HEAT OF STEAM. 

Pressure. 

Temperature. 

Ouaitity 

condensed. 

.5 u 
— c 

sl 
§§ 
a o 

Temperature. 

Conducted 
to water 
per min. 

Total 
quantity 
in steam. 

Latent or 
diffused. 

ft 

V fj 

S u 

= a 
as 

• * 
m 

c 

< 

§ c e 
8.2 £ 

tt if 

ill 

v a . 

5.2S 
j;SS5 
«2 £ « 
51 = 

» a 

Hti 

U U o 5 

Mm. 

Atm. 

O 

o 

Grms. 

Grms. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

6287 61 

8-273 

172-6 

1907 

1522 15 

66537-5 

4-52 

14-6716 

0 00850 

655-8 

483-2 

6298-4!) 

8-287 

172-6 

17-52 

1190-38 

66538-7 

6-09 

111135 

0 00850 

655-3 

482-7 

6S2921 

8-328 

172-8 

17-20 

1241-32 

66545-7 

5-69 

11-9120 

0-00850 

655-6 

482-8 

6368-87 

8-380 

173-8 

1905 

1530 15 

66537-5 

4-47 

14-6566 

0-00850 

056 1 

4830 

6401 76 

8-423 

173-1 

17-20 

1347-65 

665441 

410 

12-9418 

0 00850 

656’0 

■482-6 

6478-81 

8-524 

173-9 

17-73 

1419-30 

66536 4 

3-86 

13-9066 

0 00860 

655'9 

4820 

6183-35 

8-530 

1740 

17-60 

1353*48 

66513 9 

400 

12-9901 

0(10900 

6560 

482-0 

6702 83 

8-819 

175-3 

17-71 

1347-95 

66545-0 

4-83 

12-9:149 

0-00900 

656 1 

-480-8 

6728-59 

8863 

175-5 

19-57 

1520-88 

66538-2 

506 

14-6565 

0 00900 

6581 

480-8 

7350 02 

9-671 

1793 

18-59 

1457-30 

66543-8 

3 95 

140992 

000950 

662-3 

483 0 

7416-65 

9-759 

179-8 

18-59 

1387-83 

66544-6 

4-60 

13-1219 

0 00950 

6622 

482-6 

7420-62 

9'764 

179-6 

19-20 

1171-35 

66,538-2 

4-98 

14-2353 

0 00950 

662-7 

483 1 

7465-28 

0-822 

1800 

2000 

1552 06 

66537-7 

4-67 

14 9825 

0 00950 

662-2 

-482-2 

8056-49 

10-600 

183-2 

18-88 

1337-88 

66545-4 

617 

12-9128 

000950 

662-4 

479-2 

8106-48 

10-666 

183'5| 

I|k77 

1478-64 

66538-6 

615 

14-2713 

0 00950 

662-8 

479-3 

8131-26 

10-699 

18:i-3| 


1413-98 

66538-6 

6-76 

13-6712 

000950 

662-8 

479 1 

8138-24 

10 70S 

183'7* 

WB2 

1614-90 

66515-1 

517 

15-5104 

0-00950 

661-8 

478 1 

8550-41 

11-250 

I860 

20-22 

1465-93 

66538-5 

5 61 

14-2028 

001000 

664 5 

478-5 

8563-30 

11-267 

I860 

20-42 

1440-52 

66515-4 

508 

13-9510 

001000 

864-9 

478-9 

8925-38 

11-744 

187-9 

20-60 

1537-38 

66538-4 

5 38 

14-8716 

001080 

664-4 

476-5 

8990-73 

11-830 

188-2 

19-75 

1474-39 

66541-9 

4-75 

14-3140 

001080 

665-6 

477-4 

9004-86 

11-818 

188-2 

21-73 

161702 

66538-4 

5-36 

15-6185 

001080 

664-2 

476-0 

10141-52 

12-341 

193 8 

21-68 

1427-75 

66545-5 

6-61 

13-8296 

001100 

666 0 

472-2 

10193-27 

13-412 

194-2 

2213 

1479 00 

66544-4 

7-48 

14-2716 

001100 

664-3 

470-1 

10332-38 

13-695 

194-7 

2.3:13 

1585-73 

66538-4 

6-50 

16 2719 

001100 

665-4 

470-7 

10354 84 

13-625 

194-8 

20-48 

1456-67 

66545-8 

6-93 

14T389 

001100 

666 0 

471-2 


As an example of conversion into English definitions, the last 
experiment in the table gives — 


10354-84 M.m. 
13*625 Atm. 
194-8 Cent. 
20-48 Cent. 
1456"67 Grms. 
66545*8 Grms. 
5*93 Cent. 
14-1389 Cent. 
•Oil Cent. 
•666 Cent. 
471-2 Cent. 


x -03937 in. = 407*67 
x 14-706 lbs. = 200-37 
x 1-8 + 32 =382-64 

x 1-8 + 32 = 68-86 

+•453-544 = 3-21 

+-453-544 =146-72 

x 1-8 + 32 = 42-67 

x 1-8 + 32 = 57-45 

xl-8 = -0198 

+ 1-8 + 32 =1230-8 

x 1-8 + 32 =880-16 


Note. — 2-205 lbs. av. = 1 
39.37 lbs. av. = 1 


in. mer. as the press, of the steam, 
lbs. avoir, as the press, of the steam, 
deg. Fah. temp, of the steam, 
deg. Fah. temp, of condensed steam, 
lbs. of steam condensed, 
lbs. of water in the condenser. 

Fah. temp, of water before steam con. 
Fah. temp, of water after steam con. 
Fah.conv. to water in conden.per min. 
Fah. total heat of the steam. 

Fah. diffused heat of the steam. 

kilogramme. 

metre. 
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HEAT, PRESSURE, 

The following table contains a few examples of the total heat 
of steam. 


Table, No. 51. 

TOTAL HEAT IN STEAM BY FORMULA. 

For French definitions, total heat = 606-5 + temp, x ‘305. 

For English definitions, total heat = 1 123-7 + temp. — 
32 x ‘305. 

These rules are readily applied. For example, the total heat of 
steam of 446° Fah. is 446°- 32 x -305+ 11237 = 1249-97Fah., 
and of course the diffused heat is 1249 -97 — 446 = 803.97 Fah. 

For French definitions the total heat of steam of 230 Cent, is 
230 x -.305 + 606-5 = 676-65 Cent., and 676-62 - 230 = 446-65 


Cent, as the diffused heat. 


STEAM. 

HEAT. 

Temperature. 

Pressure. 

Total. 

Cent. 

Fah. 

Milemetres 
of Mercury. 

Inches of 
Mercury. 

Atmos, of 
11-706. lbs. 

lbs. per 
sq. inch. 

Cent. 

Fah. 

0 

0 

Mm. 

In. 

Atm. 


0 

O 

0 

32 

4-60 

01811 

0-006 

•089 

606-5 

1123-70 

10 

BT9 

916 

0-3606 

0-012 

•176 

609-5 

1129-10 

20 

68 

17-39 

0 6846 

0-023 

•338 

612-6 

1134-68 

30 

86 

31-55 

1-2421 

0-042 

•617 

615-7 

1140-16 

40 

■TTB 

54-91 

2-1618 

0-072 

1-058 

618-7 

1145-66 

50 

122 

91-98 

3-6212 

0-121 

1-779 

621-7 

1151-06 

60 

140 

148-79 

5-8578 

0-196 

2-882 

624-8 

1156 64 

70 

158 

233 09 

91767 

0-306 

4-500 

627-8 

1162 04 

80 

176 

354-64 

13-9621 

0-466 

6-853 

630-9 

1167-62 

90 

194 

525-45 

20 6869 

0-691 

10161 

633-9 

1173-02 

100 

212 

760-00 

29-9212 

1-000 

14-706 

637-0 

1178-60 

110 

B%Til 

1075-37 

42-3374 

1-415 

20-809 

640-0 

1184-00 

120 

248 

1491-28 

58-7116 

1-962 

28-853 

643-1 

1189-58 

130 

MEM 

2030-28 

79-9321 

2-671 

39279 

646-1 

1194-98 

140 

284 

2717-63 

106-9930 

3-576 

52-886 

649-2 

1200-56 

150 


3581-23 

140-9930 

4-712 

69-294 

652-2 

1205-96 

160 

320 

4651-62 

183-1342 

6-120 

90 000 

655-3 

1211-54 

170 

338 

5961-66 

234-7105 

7-844 

115-35 

658-3 

1216 94 

180 

356 

7546-39 

297-1013 

9-929 

146 01 

661-4 

1222 52 

190 

374 

9442-70 

371-7590 

12-425 

182-72 

664-4 

1227-92 

200 


11688-96 

460-1943 

15-380 

226-17 

667-5 

1233-50 

210 


14324-80 

560 9673 

18-848 

271-17 

670-5 

1238-90 

220 

428 

17390-36 

684-6584 

22-882 

336-50 

673-6 

1244-48 

230 

446 

20926-40 

823-8723 

27-535 

404-93 

676-6 

1249-97 
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AND "WEIGHT OE STEAM. 189 

The weight or density of steam is that of the water it con- 
tains, but the force and weight increase in different ratios, as 
seen in the following table. At 62° Fah. a gallon of water 
weighs 10 lbs. and measures 277"274 cubic inches, and a cubic 
foot of water is 1728 + 277'274 = 62 , 321 lbs. Since the rela- 
tive volume of steam of 1 4 * 706 lbs. force and 212 Fah. is 
1700, the weight of 1 cubic foot of steam is 62"321 -r-1700 = 
•03G661bs. nearly. See Tables, Nos. 57 and 60. 

To find the weight of a cubic foot of steam of any other 
force, divide 62*32 1 by the relative volume due to the pres- 
sure. 

% 

Table, No. 52. 

RELATIVE TEMPERATURE, FORCE, AND WEIGHT OF STEAM 
FROM OTHER EXPERIMENTS. 


Temp. Fah. 

Force 
in Atmos- 
pheres. 

Force 
in lbs. 

Weight 
in Atmos- 
pheres. 

Weight 
in lbs. per 
cubic foot. 

Ratio of weight 
to force, weight 
being 1. 

32° 

•006 





212 

1* 

14-706 

i- 

■03666 

i- 

230 

1-412 

20-764 

1-375 

•0504 

1-02682 

248 

1-951 

28-691 

1-852 

•0678 

1-05364 

266 



2-451 

-0898 

1-08046 

284 

3-529 

51-897 

3-187 

•1168 

1-10728 

302 

4-647 

68-338 

4-098 

•1502 

1-13410 

320 


88-618 

5191 

•1903 

1-16092 

338 

7-687 


6-472 

•2372 

118744 

356 

9-692 

142-53 

7-980 

•2925 

1-21456 

374 

12111 


9-756 

•3576 

1-24138 

392 

14-947 

219-81 

11-786 

•4320 

1-26820 

410 

18-283 

268-87 

14-118 

•51756 

1-29502 

428 

22-136 

325-53 

16-746 

•6139 

1-32184 

446 

26-526 

390-09 

19-669 

•7210 

1-34868 


In 1837, Mr. Josiah Parkes made 28 experiments, or an 
ordinary locomotive boiler, to test practically how far the 
theory of the sum of the heat in steam, being the same at all 
temperatures, was to be relied on. Considerable care was taken 
to obtain accurate results, as given in Table, No. 53. 
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PARKES ON THE HEAT OF STEAM. 


Table, No. 53. 

SUMMARY OF MR. PARKES’s EXPERIMENTS ON THE HEAT 

OF STEAM. 


Expts. 

Pressure. 

Temp. 

Coals. 

Burnt. 

Water. 

Duration. 

No. 

Above Atm. 
lbs. 

Deg. Fah. 

Total 

lbs. 

Each ex. 
lbs. 

Evapt. 
cub. ft. 

h. 

m. 

4 

0 

212- 

800 

200 

20 

10 

0 

1 

5 

226-3 

199 

199 

20 

9 

55 

1 

10 

237-64 

202 

202 

20 

10 

1 

3 

1 

247-94 

585 

195 

20 

9 

50 

2 

20 

256-78 

396 

198 

20 

10 

2 

1’ 

25 

264-82 

204 

204 

20 

10 

4 

1 

30 

272-02 

200 

200 

20 

10 

0 

1 

35 

278-80 

203 

203 

20 

9 

58 

2 

40 

285-04 

404 

202 

20 

9 

59 

2 

45 

290-76 

408 

204 

20 

10 

5 

3 

50 

295-96 

615 

205 

20 

10 

0 

3 

55 

300-76 

624 

208 

20 

9 

57 

4 

60 

305-06 

840 

210 

20 

10 

2 


These really practical trials had evidently been conducted 
with great care, since they corroborate and confirm Regnault’s 
more recent experiments — that the heat of steam increases with 
its pressure. However at the time Mr. Parlces himself drew 
the conclusion — that the heat of steam was constant at all 
pressures. The increase of coals required to evaporate the 
20 cubic feet of water at the higher temperatures is obvious, 
but was attributed to the circumstances under which the trials 
were made. Had these experiments been as fairly dealt with 
as they had been carefully conducted, Mr. Parkes would have 
had the honour now claimed by M. Regnault, of submitting 
experimental proof of the increasing heat of steam. 

These are a few of the leading expositions of steam which 
now engage attention ; but other distinguished men — including 
Watt, Robinson, Southern, and Ure — have also given steam 
tables. Scarcely two of them correspond at any but the 
starting points ; and, for reference, a number of them are com- 
paratively arranged in the following tables. 
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Table, No. 54. 


ELASTIC FORCE OF STEAM, BY VARIOUS AUTHORITIES, 
FROM — 22°, 22° TO 212° TEMPERATURE. 


Temp. 

Dalton. 

Watt. 


Southern. 

Ure. 

Tredgold. 


Regnault. 

Fah. 

In. Mer. 

In. Mer. 

[n. Mer. 

[n. Mer. 

In. Mer. 

[n. Mer. 

In. Mer. 

In. Mer. 

22 

. , 

, . 

. , 

. , 

• « 

, . 


•013 

4 

. , 


. . 

, . 

# # 

, . 


•035 

0 

, , 


• . 

, . 

. . 

. . 


•081 

14 

, , 


, . 

. . 

. . 

. . 


. , 

24 

, . 


, , 

, . 

17 

•118 


, . 

32 

•2 


•o 

•16 

•2 

•172 


•18 

40 

•26 


•l 

, , 

•25 

•245 


. . 

42 

•28 



■23 

. . 

•266 



50 

•37 


•2 


•36 

•37 


•36 

52 

•4 


. . 

•35 

, . 

•401 


, , 

55 

•44 

•15 



•416 

•45 



60 

■52 


•35 

, , 

•516 

•55 


, , 

62 

•56 


. . 

•52 

. , 

•587 


. , 

68 

, . 


# . 

, . 

. . 

. . 


•68 

70 

•72 


•55 


•72 

•78 


, , 

72 

•77 

•64 


•73 

, . 

•842 


. . 

80 

10 


•82 


1-01 

1-106 


1-03 

82 

1-07 

•81 


1-02 


1-182 


. . 

86 

1-21 




. . 

. . 


1-24 

90 

1-36 


i-18 

# # 

1-36 

1-53 


, , 

92 

1-44 

1-21 

. . 

1-42 

, , 

1-639 



100 

1-86 


1-6 

# . 

1-86 

2-08 


, , 

102 

1-98 


, . 

1-96 

# # 

2-21 



103 

204 


, . 


, , 

, , 

2 0 

, . 

104 

2-11 

1-75 

. . 

• * 

207 

. , 


2-16 

110 

2-53 


2-25 


2-45 

2-79 


, , 

112 

2-86 


, , 

2-66 

# . 

2-95 



118 

316 

2-68 

# . 

. m 

, . 

3-59 

W • 


120 

3-33 


3 

, . 

3-3 

3-68 


. . 

122 

3-5 


. . 

3-58 

3-9 

3-89 


3-62 

126 

3-89 

3-57 

, . 

, . 

. , 

, . 

4 

, , 

130 

4-34 

3-63 

3-95 


4-36 

4-81 


# , 

132 

, 4-60 

, , 

, , 

4-71 

. , 

507 


, . 

140 

5-74 


5-15 


5-77 

6-21 


5-85 

141 

5-9 

, , 

. . 

. , 

• • 

. , 

6 

, . 

142 

6-05 

5-46 


6-10 


6-53 


. . 

145 

6-53 

. . 

# # 


6-6 

, . 


6-7 

148 

. 7-05 

6-40 



. . 

. . 


7-19 

150 

7-42 

, , 

6-72 

, , 

7-53 

7'94 


. , 

152 

7-81 

. . 


7.9 

, . 

8-33 

8 

8-2 

154 

8-2 

7-4 



• • 


•• 

8-5 
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ELASTIC FORCE 



© 

h 

Tredgold. 

In. Mer. 

In. Mer. 

9-6 

10-05 

• • 

10-52 

12 05 

12*6 

• , 

13-17 

, . 

13-46 

13-55 

•• 

15-16 

15-67 

16.9 

16-35 

19 ’ 

19-35 

21-06 

• • 

23.6 

23- *71 

26-1 

• • 

30 

30 



In.Mer.In. Her. 
90 
9-17 
9-39 
9-66 


24 

26 

28 

2992 29'92 


Table, No. 55. 

ELASTIC FORCE OF STEAM, BY VARIOUS AUTHORITIES, 

FROM 212° TO 320°. 


Temp. 

Taylor. 

© 

U 

Tredgold. 

Franklin 

Institute. 

French 

Academy. 

Pambour. 

Kegnault. 

Fah. 

In. Mer. 

In. Mer. 

In. Mer. 

In. Mer. 

In. Mer. 

In. Mer. 

In. Mer. 

212 

30 

30 

30 

30 

29-92 

29 92 

29-92 

216-4 

32-6 

33-4 

, . 

, , 


32 


220 

35 

35-54 

34-92 



34-2 


222-6 

36-64 

. , 

, . 



36 


225 

3S 

3911 

38-32 



• , 


225-6 

38-4 

39-55 

s . 



38 


228-3 

40*4 

41-50 

•• 



40 

•• 
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Temp. 

Taylor. 

© 

It 

D 

Tredgold. 

Franklin 

Institute. 

French 

Academy. 

Pambour. 

Begnault. 

Fah. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

230- 

41-55 

43-10 

42- 

« . 


, , 

42-27 

231- 

42-25 

43-9 

, % 

. . 


42- 

. , 

233-6 

44-25 

, , 

. . 

, , 


44- 

. , 

234- 

44-6 

46-4 

, , 

43-05 

45- 


. , 

235- 

45-5 

47-22 

, , 

45- 


. . 

. • 

236-4 

46-49 



, . 


46- 

. . 

238-4 

48-56 

50-28 

, . 

, . 

. . 

48- 

. , 

239-25 

49-35 

, , 

, ^ 

47-34 


, , 

. . 

240- 

50- 

51-7 

50-24 

, , 


, . 


240-7 

50-62 

, , 

. . 

, , 


50- 

. , 

243- 

52-62 

, , 

. , 

. , 


52- 

. . 

245-1 

54-49 

56-38 


521 


54- 

, , 

246-5 

5516 

, , 

• • 

. . 


. . 

57-15 

247-2 

56-44 

, . 

, , 

, , 


56- 

57-7 

248- 

57-20 

59-9 


# . 



58-61 

249-2 

58-40 

. , 

, , 

, , 


58- 


250- 

59-12 

61-9 

59-79 

60- 



. . 

250-5 

59-62 

, , 


, m 

60- 



251- 

6010 

, , 

, , 

. „ 


60- 


252- 

61-12 

, , 


. , 



63- 

253-1 

62-31 

, . 

, , 

, , 


62- 


255- 

64-4 

67-25 


. , 


64- 


256-25 

65-73 


, . 

65-37 


, , 


256-8 

66-4 

# , 


• •. 


66- 

, , 

257-36 

671 

69-70 

. , 

, , 


. . 

68-79 

258-6 

68-45 

. , 

, . 

, , 


68- 

, , 

260- 

7012 

72-3 


70-8 



, , 

260-3 

70-45 

72-7 


. , 


70- 

, . 

260-96 

, , 

, . 


# # 


. , 

72-99 

261- 

71-25 

. . 

72- 

, , 


, , 


262- 

72-45 

74-9 

, , 

72-9 


72- 


263-8 

74-45 


, , 

. . 

75- 

74- 

, , 

264- 

74-8 

. , 

, . 

75- 


, , 

77- 

265-3 

76-38 

78-40 

. , 

, , 


76- 

. , 

266- 

77-25 

, . 

, , 

, , 



79-88 

266-9 

78-38 

81-89 

# , 

. . 


78- 


268-4 

80-33 


, . 

# , 


80- 


270-5 

82-5 

86-3 

83-45 

81- 


82- 


271- 

83-9 


, , 

82-56 


. # 


271-4 

84-4 

88-17 

. , 

. , 


84- 

• •• 

272- 

85-45 

, , 

86-2 




, , 

273- 

86-95 

90-71 


# . 


86- 

89-2 

274- 

88-5 

, . 

. , 

. , 


, , 

90-33 

275- 

90- 

93-48 


90- 

90- 

88-7 

91-8 

275-7 

91-05 

94-6 

• • 

•• 

• • 

90- 



K 
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ELASTIC FORCE 


Temp. 

Taylor. 

Ure. 

Tredgold. 

Franklin 

Institute. 

French 

Academy. 

Fambour. 

*3 

03 

& 

01 

M 

Fah. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

276-26 

920 

• . 

• a 

• • 

« « 

a • 

93-57 

277-1 

93-3 

97-01 

• . 

, • 

92- 

92- 

95-2 

278-4 

95-3 

a . 

a • 

94-41 

a • 

94- 

a • 

279-7 

97-2 

101-8 

a « 

• « 

a • 

96- 

98-9 

280- 

97-75 

101-9 

97-92 

. . 

. . 

a • 

. . 

281- 

99-25 

. , 

. • 

. • 

a a 

98- 

. . 

282- 

100-7 

104-68 

a • 

a , 

a , 

, . 

102-12 

282-3 

101-15 

. , 

a • 

a • 

. , 

100- 

. . 

283-6 

1031 

107-98 

a . 

a , 

, « 

102- 

. , 

284- 

103-8 

. . 

. . 

105- 

a , 

102-8 

106-71 

284-8 

104-4 

. . 

, . 

109-65 

110-8 

104- 

, . 

286- 

107-3 

, . 

a • 

112-62 

. , 

106- 

, . 

287-2 

10914 

114-8 

a . 

a • 

a • 

108- 

111-95 

288-5 

111-7 


a • 

a a 

a , 

110-18 

114-93 

290-7 

116- 

120-15 

115-6 

119-75 

, . 

114- 

. . 

291-9 

118-1 

. . 

a • 

a • 


116- 

120-76 

293- 

120-25 

a a 

. , 

121-5 

, , 

118- 

. , 

293-72 

121-68 

, , 

120-93 

a a 

126- 

a , 

123-48 

294-1 

122-40 

126-9 

, « 

123-11 

, . 

120- ■ 

, . 

295- 

124 15 

129- 

123-5 

a « 

. . 

122-2 

127-22 

295-9 

125-85 

130-9 

a • 

131-21 


124- 

. . 

297- 

128- 

133-7 

. • 

a • 

. . 

126- 

. , 

297-68 

122-2 

, , 

. , 

, « 

, , 

, , 

131-19 

298-5 

130-7 

137-0 

a • 

135-8 

. . 

128-7 

. , 

299-1 

131-8 

. . 

. , 

141-9 

. . 

130- 

, . 

300- 

133-75 

139-7 

133-2 

142-6 

# . 

131-82 

135-51 

302- 

137 55 

144-3 

a • 

144-33 

, . 

135-6 

140-6 

303-5 

140-82 

147-1 

a • 

146-72 

. . 

138-6 

, . 

304-2 

142-3 

. # 

a « 

150-3 

. , 

140- 

, . 

305-5 

14512 

151-16 

, , 

154-28 

. , 

142-78 

. . 

308- 

150-65 

157-7 

, . 

a , 

151-07 

148- 

152-97 

310- 

155- 

161-3 

154-5 

165- 

, . 

152-2 

157.23 

311-7 

157- 

166-32 

. . 

a a 


156- 

160-86 

312-6 

160-83 

, , 

160-3 

a , 

. , 

158- 

162-45 

3140 

164-20 


, . 


164-8 

161-8 

166-27 

314-75 

1661 

# , 

, , 

181-23 

. . 

. . 

168-48 

31604 

16915 

. . 

. , 

, . 

, , 

166- 

171-7 

317-8 

173-78 

, , 

, , 

186-36 

. . 

170- 

, . 

319 75 

178-98 

• . 

« • 

19713 

179.25 

174-84 

174-87 

320-75 

181.6 

• • 

•• 

193-92 

• • 

• • 

183-70 


Not*. — The French Academy pressure has been rendered by taking each 
atmosphere os equal to 30 in. mer. 
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Table, No. 56. 

ELASTIC FORCE OF STEAM BY VARIOUS AUTHORITIES, 
FROM 321° TO 510° TEMPERATURE. 


Temperature 

. Franklin Inst 

. French Aca 

Pambour. 

Begnault. 

Fah. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

321- 

195- 

, . 

178- 

• . 

323-24 

. , 

. , 

183-5 

190-32 

326-26 

210-5 

195 

191-5 

• . 

327-75 

21914 

. 9 

194-9 

• • 

328 28 

, , 


196-5 

204-54 

329-75 

232-62 

, , 

200-2 

• . 

331-7 

, , 

210 

, . 

• • 

333-2 


. . 

210 

• . 

334-5 

240-48 



. . 

336-86 


225 


. . 

338-75 

248-92 

, . 

, . 

239 

340- 

255- 



. • 

340-5 

257-5 



• . 

340-88 

258-16 

# # 


241-86 

341 78 


240 


. . 

342-68 

, 



248 19 

343-3 



240 

249 12 

343-58 


0 « 


251-44 

343-6 




252-69 

344 12 




252-69 

345-02 

267-6 



255-72 

348- 

278-33 

. . 


265-9 

349- 

285- 


0 0 

. . 

350- 

290-35 

, . 


. . 

350-78 

9 # 

270 


• • 

352- 

297-36 

# m 

e » 

• • 

352-4 

300- 

, , 

270 

. . 

354-74 

# , 

# _ 


290-13 

355-28 




292-92 

356- 

, , 



294-66 

358-8 


300 


. . 

360-8 

, , 

. # 

300 

• , 

361-76 

, , 



319-98 

361-23 




320-97 

366-8 

, . 

330 


338-01 

368-5 

. # 


330 

, . 

370-56 




354-9 

374- 


360 


37M8 

375-6 



360 

, , 

380-66 


390 


, . 

380-84 

.. 

• • 

• • 

400-32 
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Temperature, j Frauklin Inst. 

French Aca. 

Pambour. 

Kegnault. 

Fah. 

In. mer. 

In. mer. 

In. mer. 

In. mer. 

381-56 



, . 

402-36 

382-3 


. , 

390 

. . 

382-64 


. . 


408-75 

386-94 


420 


, , 

388-6 


, . 

420 

. , 

392-86 


450 


460 19 

394-6 



450 

. . 

398-48 


480 


, . 

400-2 



480 

, . 

403-82 


510 


. . 

408-92 


540 


. , 

410- 


, m 


563-3 

413-78 


570 


. . 

418-46 


600 


# . 

423- 


630 


# , 

427-28 


660 


. . 

429- 


678 



431-4 


690 


. . 

435-5 


720 



439-3 


750 


. , 

446- 


824 


, , 

457-16 


900 


, # 

472-73 


1050 


. . 

486-59 


1200 


. . 

499 136 


1350 


. . 

5106 


1500 


• • 


It is seen above that, at a temperature of 510-6°, water as 
steam acquires an elastic force equal to the pressure of a 
column of mercury 1500 inches high. Its elastic power is 
the source of its danger, for it would expand to fill about 340 
times its original space at atmospheric pressure. Suddenly 
released, as in boiler explosions, its elasticity gives it a gun- 
powder-like force, and the fracture gives a gun-like direction to 
its recoil. Water of the same pressure in a hydraulic press 
would only expand about *bth part of its volume, or Toi^th 
part of its volume per atmosphere of pressure. 
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Laws of Steam. 

This summary of the experimental researches into the pro- 
perties of steam shows, as might reasonably be expected, that 
there are different values placed upon the force of steam of a 
given temperature. These differences have led to various laws 
or formulae being submitted, whereby to find the force from 
the temperature, or vice versa, both by the experimenters and 
by others, such as Biot, Hann, Tate, and Rankine, who have 
reviewed their experimental labours. 

At best these laws only give approximations to practical 
results, but as they are useful in calculating the theoretical 
values of steam, a few of the principal ones will be given. 
They are all based on the same general plan, only varying in 
their constants and co-efficients. Many of them involve so 
complex quantities to be raised to the fifth or sixth powers, or 
to have their fifth or sixth root extracted, that, arithmeti- 
cally, they are rarely attempted to be solved. By logarithms, 
however, their solution is comparatively easy, as will be shown 
by an example. 

To find the pressure of steam from its temperature, and 
the temperature from its pressure. 

RULES OR FORMULAE BY DIFFERENT AUTHORITIES. 

For pressures from zero up to 48 inches of mercury. 

Southern : — 

n ..... /51'3 + tempA 5'13 

Press. = '04948 + 1 — 155-7256 — ) ^ or ' ns ' raercur y' 

Log pr. = 5'13 log. ('0064216 temp. +'329426) for lbs. per sq. in. 

Temp. = (155*7256 press. — 04948) 51'3. 

Log temp. «= log. (press. — 04948) + log. 155'7256 — 51'3. 

Pressures from 1 0 to 120 inches of mercury. 

Tredgold : — 

Press. = temp. + 100* for ins. of mercury. 

177 

Logpr. = 6 log. (temp. + 100) — 2'247973 for ins. of raercury. 


Digitized by Google 



198 


ELASTIC FORCE AND 


Temp. = 177 press. 7 — 100. 

Log temp. = log. (press. 2-247973) — 100. 

Mellet : — 

Press. = temp f 103® 

201-18. 

Log press. = 6 log. (-0049707 temp. + "511979)*. 

Temp. = 201-18 press. * - 103. 

Log temp. = log. (201-18 + log. press. * — 103. 

For pressures from 60 lbs. to 360 lbs. per square inch. 

French Academy : — 

Log press. = 5 log. (-00680309 temp. + *26974). 

Press. = ( 00680309 temp. + -26974)*. 

Temp. = 146-992, pressure r — 39'6436. 

Log temp. = log. (press. y + log. 146-992) — 39"6436. 

Pambour : — 

/98-806 + temp. s \ 

Press. = ^ 188*562 / 

Log press. = 6 log. (-0050362 temp. + 497608). 

Temp. = 198-562 press.* — 98-806. 

Log temp. = log. (198-562 4- log. press.*) — 98 806. 

Franklin Institute : — 

Press = (-00333 temp. + l) 8 = atmospheres of 30 in. mer. 

Log press. = 6 log. (-00333 + 1). 

pressure* — 1. 

Tem P- = -00833 

, By log. = log. (press. — ) — "00333. 

By substituting the respective exponents for each formula 
one or two given in words at length will apply to the others. 

Taking that of the Franklin Institute, as one of the simplest 
form, adapted to recent experiments, it may be thus ex- 
pressed : — 

Rule —Multiply the excess of the temperature above 212° 
by 00333, and add 1 to the product. This sum raised to 
the 6 th power gives the pressures in atmospheres. 
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Example . — Required the pressure of steam whose tempe- 
rature is 302°. 

302 — 212 = 90° above atmospheric pressure. 

and 90 x -00333 + 1 = 1-2997 
1-2997- 


90979 

116973 

116973 

25994 

12997 

1-68922009 

1-2997 


1182454063 

1520298081 

1520298081 

337844018 

168922009 


2 195479350973 
1-2997 


15368355456811 

19759314158757 

19759314158757 

4390958701946 

2195479350973 


4th power = 2-8534645124596081 

1-2997 


199742515872172567 

256811806121364729 

256811806121364729 

57069290249192162 

28534645124596081 


5th power = 3-70864782684375264757 

1-2997 


2596053478790626853299 
3337783044159377382813 
3337783044159377382813 
741729565368750529514 > 

370864782684375264757 


6th power = 4-820129580548852316046729 = 4-82atmosph. 


and 4-82 * 14-75 = 71-09 lbs. per square inch, as the pressure by this rule. 


2ml power 


3rd power 
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By arithmetic, as this example indicates, the application of 
these rules is not very inviting, but by logarithms it is com- 
paratively easy, hence their great advantage for such calcu- 
lations. 

By logarithms the rule is — Multiply the excess of the tem- 
perature above 2 12° by ‘00333, and add 1 to the product. The 
logarithm of the sum, multiplied by G, gives a logarithm 
whose natural number indicates the pressure in atmospheres. 

Taking the same example, we have — 

302°- 212° = 90 x 00333 + 1 = 1-2997, 
and log. of 12997 = 01 1 3843 x 6 = -683058, 
and the natural number of -683058 = 4-82 atmospheres as 
before. 

For the French Academy formula multiply the tempera- 
ture by -00680309, and add *26974 to the product, which 
sum raised to the fifth power gives the pressure in lbs. per 
square inch, and in like manner for the others, by substituting 
the respective exponents for those given in this example. 

By logarithms it is — Multiply the temperature by -0068309, 
and add -26974 to the product. Multiply the logarithm of 
this sum by 5 for a logarithm, whose natural number gives 
the pressure in lbs. per square inch. 

It will be unnecessary to weary the reader with another 
arithmetical solution more extensive than the last, when a 
logarithmetical one is preferable. Taking the last example, 
by this rule we have 

-0068309 x 302° (temp.) + 26974 = 2-32427, whose 
log. = 0-36629 X 5 = 1-83145, and the natural number of 
1-83145 = 66-55 lbs. per square inch for the equivalent pres- 
sure by this rule, or 4‘54 lbs. per inch less than the formula 
of the Franklin Institute. 

Franklin Institute formula. — From the sixth root of the 
pressure in atmospheres subtract 1, and divide the remainder 
by "00333 for the temperature above 212°. 

By logarithms. — Divide the logarithm of the pressure in 
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atmospheres by 6, and from the natural number of the 
remainder deduct 1. From the logarithm of this last re- 
mainder subtract the logarithm of ‘00333, for a logarithm 
whose natural number gives the excess of temperature above 
212°.* 

Example . — Required the temperature of steam whose pres- 
sure is 4 ‘82 atmospheres. 

By logarithms, we have 

log. of 4*82 =■* ^ = 0‘ 1 13841, whose natural number 

° 6 

= 1-2996-1 = -2996, and 

log. of *2996= *476542 

log. of -00333 = 2-522444 

nat. num. of 3-954098 = 89-97° temperature, 

which added to 212 = 301-97°, or within -03 of a degree of 
the temperature given in the first example. 

French Academy. — Multiply the 5th root of the pressure 
in lbs. per square inch by 146-992, and from this product 
deduct 39 6436, the remainder will give the temperature in 
deg. of Fah. 

Or by logarithms. — To one fifth of the logarithm of the 
pressure add the logarithm of 146-992, or (2-1672937), and 
from the natural number of the logarithm of this sum deduct 
39 6436 for the temperature in deg. of Fah. 

Example . — Required the temperature of the steam whose 
pressure is 66-55 lbs. per square inch. 

By logarithms : 

log. of 66-55 = 1 ‘ 823 1 4 - 8 = 0-3646296 
5 

add log. of 146-992 = =2-1672937 

and natural number of 2-5319233 = 340-9 

* See Law’s Rudimentary Logarithms. 

K 3 
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and 340-9 — 39-6436 = 301-256° temp., or only ’74 less than 
the temperature given to find the pressure of 66-55 lbs. 

TO FIND THE TOTAL HEAT DIFFUSED IN STEAM FROM 
THE TEMPERATURE. 

Rule for Regnault’s experiments : — 

Total heat = 305 temp. + 606-5 for deg. Cent. 

„ =305 (temp. — 32) + 1123-7 for deg. Fah. 

Example. — Required the total heat of steam whose ther- 
mometeric heat is 212° Fah., or 100° Cent. 

For Fah. 212-32 x -305 = 54-9, and 
54-9+ 1123-7= 1178-4° 

For Cent. 100 x -305 + 606-5 = 637° Cent. 

TO FIND THE DIFFUSED HEAT FROM THE TEMPERATURE. 

Diffused heat = 305 temp. + 506-5 for deg. Cent. 

,, =305 (temp. — 32) + 911 '7 for deg. Fah. 

Example. — Required the diffused heat of steam whose tem- 
perature is 320° Fah. or 160° Cent. 

For Fah. 320°- 32 x 305° + 911-7 = 999-54° 

For Cent. 160 x 305 + 506-5 = 555-3 Cent. 

EXPANSIVE FORCE OF STEAM AND OTHER ELASTIC FLUIDS. 

The expansive force of steam is now extensively employed, 
and greatly contributes to the economy of the modem steam 
engine. It is usual to estimate this force by the laws of air 
as defined by Boyle and Mariotte. These laws are simple 
and may be thus expressed : — 

The pressure or force of a confined elastic body is in the 
ratio of the space in which it is confined, hence the contents 
of any given space containing an elastic fluid, multiplied by the 
pressure of that fluid, will be a constant quantity of force, and 
its pressure in any other space will be that constant quantity, 
divided by the contents of the space into which the fluid has 
entered ; or its force is inversely as its space. 
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Fig. 


lb». 


For example, let the fig. No. 49 represent a cylin- 
49 der 15 inches long and one square inch area, fitted 


* 


1 

c 



7 


*9 

1 

{ 

B 

1 * 


4 

V 

V 



with a piston P, and the part A, 5 inches long, filled 
with steam or air of 15 lbs. pressure, and the space 
3 B C D a vacuum. Now, if the weight or resistance 
W, on the piston rod, balance the 15 lbs., the piston 
* will be stationary at 1 ; but if a weight of 7‘5 lbs. is re- 
moved, the balance will be destroyed, and the piston 
ascend by the expanding force of the confined steam 
, or air in A, until a balance of pressure again takes 
place. Suppose this is at 2, the piston will have 
moved 5 inches, and the steam or air will occupy 
double the space it did in A, with only half its origi- 
nal pressure, for the original pressure 15 x 5 in. space = 75 for 
the constant quantity, and 75 by the space A B = 10 ins. 
gives 7*5 lbs. as the expansive force in A B. 

If another weight is removed of 5‘77 lbs., the expanding air 
or steam will again raise the piston as before ; and if it become 
stationary at 3, the space ABC will be equal to 13, "and the 
constant quantity 75 13 = 5*77 lbs. is the pressure exerted in 

the space ABC. If the last weight is removed, the expand- 
ing air will raise the piston to the top and occupy a space of 
15 inches, or three times its original space, still giving out a 
force = 75 15 = 5 lbs. per square inch. 

These results may be thus stated : — 

The space A B : the space A : : the force in A : the pressure A B ; 
for 10 : 5:: 15 : 7‘5, the pressure in A B = lst expansion. 

The space ABC: the space A B : : the force in A : the pressure ABC; 

for 13 : 5 : : 15 : 5-77, the pressure in A B C = 2nd expansion. 

The space A B C D : the space ABC:: the force in A : the force in A B C D ; 
for 15 : 5 : : 15 : 5, the pressure in A B C D *=»3rd expansion. 

Compression is the converse of expansion, and the pressure 
would be in the ratio of the compressing force. 


Digitized by GoogI 



204 


EXPANSIVE FORCE OF 


Thus to compress the air into its original space of 5 inches 
again, we have 1 5 x 5 = 75 as the constant quantity, and 
75-5-13 = 5 '71 lbs. = 1st compressing force. 

75 + 10 = 7'5 lbs. = 2nd compressing force. 

75-f- 5=15’ lbs. = 3rd compressing force. 

This example of elasticity will show that the pressure or 
force in the original space, is to the force in the other spaces, 
as the contents of each of these spaces are to the contents of the 
original space, and explains the general law of air, as applied 
to ordinary steam. 

The theoretical line C G, which diagrametically represents 


the ratio of expanding pressure 
curve, as shown in Fig. No. 50, 
A B 



Full press. = 600 
Extreme press. = 125 
Odd ordinate press. = 4 14 ’57 
Even ., „ = 355-95 


is found to be a hyperbolic 
which represents a cylinder 
of 12 square inches area 
and 24 inches long, divided 
into 24 equal parts. 

Ex. Let each line of di- 
vision, 1, 2, 3, 4, &c., re- 
present the position of a 
piston impelled by air or 
steam, having a pressure of 
100 lbs. per sq. inch, and 
cut off at one-quarter stroke ; 
required, the mean pres- 
sure throughout the stroke, 
the mean pressure through- 
out the expansive portion 
of the stroke, and the pres- 
sure at each separate ordi- 
nate of division during the 
expansive action. 

The rectangular part of 
full pressure A B C D x by 
the hyperbolic logarithm of 
the ratio (4) of expansion 
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being = to the area of the rectangular hyperbola C D G F, 
we have for the mean pressure throughout the stroke, 

Hyp. log of 4 = 1386 x 6 (full pressure part) = 8 316 as the 
area of the space C D E F, which multiplied by the pressure 
100 = 831-6, and -f- 18 (the number of the spaces) = 46-2 lbs. 
per square inch as the mean pressure of expansion ; and 
throughout the cylinder the full pressure = 6 parts x 1 00 (pres- 
sure) = 600 + 831-6 (expansive pressure) = 1431 -fi-f-24 spaces 
= 59'65 lbs. as the mean pressure throughout the stroke. 

The mean pressure throughout the cylinder may be found 
more readily by considering the full pressure part as 1, or the 
unit of the ratio of expansion, and adding it to the hyp. log. 
of the ratio. This sum, multiplied by the pressure and 
divided by the ratio of expansion, will give the mean pressure. 
Thus hyp. log. of 4 = 1-386 + 1 = 2 - 386x 100-4-4 = 5965 lbs. 
as before. 

If instead of multiplying by the pressure and dividing by 
the ratio of expansion, the sum 2-386 is multiplied by the 
extreme pressure of 25 lbs. or lOO-f-4 = 25, it is obvious that 
the result will be the same. 

Table, No. 59, contains Napierian (often called hyperbolic) 
logarithms for calculating expansive steam power, as in this 
example. — See Page 215. 

The base of the Napierian logarithms, still used in the 
highest branches of mathematical analysis, is 271828, whose 
asymptotes are at right angles to each other ; but the base of 
the Briggean logarithms, used in all ordinary calculations, is 
10, whose asymptotes make an angle of 257404° to each 
other. 

For the pressure at each ordinate of expansion : By the law 
of expansion we have 6x 100 for the constant quantity ex- 
panding to fill from 6 to 24 successively increasing spaces, 
hence — 
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Full pressure 6 spaces x IOO- 7-6 = 100 lbs. mean pressure, 
and for expansion, 


7 

spaces : 6 

spaces : : 100 lbs. 

press. 

: 85*71 lbs. press. 

at 1st exp. ord. 

8 

„ : 6 

,, :: 100 lbs. 

tt 

: 75- 

tt 

2nd 

ft 

9 

„ : 6 

„ :: 100 lbs. 

» » 

: 66-66 

It 

3rd 

tt 

10 

„ : 6 

„ :: 100 lbs. 

»» 

: 60- 

tt 

4th 

tt 

11 

„ : 6 

,, : : 1 00 lbs. 

tt 

: 54-54 

tt 

5th 

tt 

12 

„ : 6 

„ :: 100 lbs. 

tt 

: 50- 

tt 

6th 

a 

13 

„ : 6 

,, :: 100 lbs. 

tt 

: 4615 

tt 

7th 

tt 

14 

„ : 6 

„ :: 100 lbs. 

tt 

: 42-85 

it 

8th 

ft 

15 

,, : 6 

„ :: 100 lbs. 

tt 

: 40- 

tt 

9th 

tt 

16 

„ : 6 

„ :: 100 lbs. 

tt 

: 37-5 

it 

10th 

ft 

17 

„ : 6 

,, :: 100 lbs. 

tt 

: 35-29 

it 

11th 

ft 

18 

,, : 6 

,, :: 100 lbs. 

tt 

: 33-33 

tt 

12th 

ft 

19 

,, : 6 

„ :: 100 lbs. 

tt 

: 31-57 

it 

13th 

it 

20 

„ : 6 

„ :: 100 lbs. 

tt 

: 30- 

it 

14 th 

tt 

21 

„ : 6 

„ :: 100 lbs. 

tt 

: 28-57 

tt 

15 th 

it 

22 

„ : 6 

„ :: 100 lbs. 

tt 

: 27-27 

tt 

16 th 

tt 

23 

„ : 6 

„ :: 100 lbs. 

>t 

: 26-08 

it 

17th 

it 

24 

„ : 6 

„ :: 100 lbs. 

tt 

: 25- 

tt 

11th 

tt 

Exp. 18 spaces and 


795-92 + 18 = 44-2 lbs. 

as the 


arithmetical mean of expansive pressure. 

These values give the pressure at each separate line of ex- 
pansion, yet the arithmetical mean only represents the 
mean of rectangular spaces, but does not include the curved 
portion at the end of each rectangle, and gives a mean 2 lbs. 
less than the real mean found by hyp. logarithms. The full 
pressure being the same in both cases, the mean difference is 
less than the expansive difference, for 600 X 795-92-f- 24 = 
58' 14 lbs. as the mean arithmetical pressure throughout the 
cylinder, or T51 lb. less than the real mean. 

The contrary would take place with compressed steam, as 
each rectangle would contain a space beyond the curved line, 
and thus give the pressure in excess. A near approximation 
is obtained by adding together the two extreme pressures ; 
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% 

4 times the sum of the even ordinates ( 8 , 10, 12, etc.), and 
twice the sum of the odd ordinates (7, 6 , 11, etc.). This sum 
multiplied by the common distance, and divided by 3, gives 
the force of expansion nearly ; thus referring to the diagram, 
No. 50. 


The extreme pressures » 1 00* + 25 = 125* 

The even ordinates = 355"95 x 4 = 1423 8 
The odd ordinates = 414-37 X 2= 829.14 


2377-94 

3 


= 792-65 lbs. 


„ . , 792-65+600 = 

as the amount of the expansive pressure, and — 24 

58-02 lbs., or 1-63 less than by hyp. logarithms. 

A summary of these methods of calculation will show their 
comparative approximation. 


Hyperbolic method = 59 - 65 lbs. 

Ordinate „ =58*02 „ 

Arithmetical „ =58-14 „ 

Either method may therefore be used, according to the de- 
gree of accuracy required, for with working steam the effect 
of losing temperature, or of condensation, would cause the 
result to be less than the hyperbolic mean. 


Double Cylinder Expansion. 

This plan of working stationary engines with high-pressure 
steam in a small cylinder, and then expanding it to work 
another piston in a larger cylinder communicating with a con- 
denser, is now found to be a very useful one. 

It is on this plan that Mr. Adams proposes his cylinders 
for locomotive engines. 
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Let fig. No. 51 represent twq 
such cylinders, of which the 
smaller. A, is 6 cubic feet in 
capacity, and the larger, B, of 
24 cubic feet capacity, or in the 
ratio of 1 to 4. The first cylin- 
der, A, receives the steam, say 
of 40 lbs. pressure per square 
inch from the boiler, and the 
second cylinder, B, receives the 
steam, as indicated by the re- 
spective arrows, from the cylin- 
der A, after it has done its 
duty in that cylinder. Now, as 
the area of the larger cylinder is 4 times that of the smaller 
one, it follows that the steam expands to 4 times its volume 
in the larger cylinder, with a power corresponding to the dimi- 
nution of force, and whilst the communication between the 
two cylinders is open, there is the same pressure in both 
cylinders, consequently the effective pressure in the larger 
cylinder is only on the three-fourths of its area, which it ex- 
ceeds the smaller one. 

As has been seen, the pressure of elastic fluids is inversely 
as the space they occupy ; if we suppose these cylinders di- 
vided into, say six equal parts, 1, 2, 3, 4, 5, 6, it will suffi- 
ciently illustrate the comparative force of two cylinders. 

For a constant quantity we have the capacity of the smaller 
cylinder, as 6 cubic feet, to be expanded into 24 cubic feet, 
and also fill the passages, say of a foot, between the cylin- 
ders. If the pistons be moved through one-sixth of their stroke 
to a a, the pressure would be as under : 
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IN SHILL CYLINDER. 

IN LARGH 
CYLINDER. 



Full 

pres. 

Empty 

space. 

Space 

still 

filled. 


Space 

filled. 


Passages. 

Steam 
expanded 
to fill. 

c. ft. 

c. ft. 

e. ft. 


c. ft. 


c. ft. 

c. ft. 

6 — 

0 = 

0 

+ 

0 

+ 

•o 

6- initial 

6 — 

1 = 

5 

+ 

4 

+ 

•6 

9-6 for a a 

6 — 

2 = 

4 

+ 

8 

+ 

"6 = 

12‘6 for b b 

6 — 

3 = 

3 

+ 

12 

+ 

•6 = 

15‘6 for c c 

fi — 

4 = 

2 

+ 

16 

+ 

*6 

18-6 for d d 

6 — 

5 = 

1 

+ 

20 

+ 

•6 

21-6 for e e 

6 — 

6 = 

0 

+ 

24 

+ 

•o 

24-6 for// 


Taking the force of steam as 40 lbs. per square inch, the 
pressures for the respective ordinates of expansion, in double 
and single cylinder engines, would then be inversely — 



Expand. 

space. 

lbs. ari S- 
space. 

In dble. 
cylin. 
lbs. 

Expanded space. 

In single 
cylin. 
lbs. 

Initial in first cylin. 

• 

40 : 

•6 

; 40- 

none 

40* 

Initial in second cyl. 

6-6 

40 : 

6 

; 38-36 

between the pistons 

none 

First space of expan 
8econd ,, 

9 6 

40 : 

6 

: 25- 

ditto, or a a 

26-26 

12-6 

40 : 

6 

: 19-04 

ditto, or 6 b 

20- 

Third „ 

156 

: 40 : 

6 

: 16-38 

ditto, or c c 

16- 

Fourth „ 

13-6 

40 : 

6 

: 12 36 

ditto, or dd 

13-33 

Fifth „ 

21-6 

40 : 

6 

: 11-11 

ditto, or e e 

11-42 

Sixth „ 

24-6 

•w : 

8 

: 9-75 

ditto, or ff 

10- 


The mean pressure may be found by the rules already sub- 
mitted. For the large cylinder by hyp. log. it will b6 

Exponent of expansion = 24*6~6 = 4*1, whose log. = 1.41 1 
X 36-36 x6-6-r 18-6 (spaces to fill) == 18-2 lbs., nearly as the 
mean pressure throughout the stroke on the large piston. 
On the smaller piston it would be 40—18-2 (the pressure on 
the larger piston) = 21 '8 lbs., hence taking the value of the 
vacuum in the condenser as = to 12 lbs., for the power exerted 
we have the 


Small cylinder area= 6 x 21-8 = 120-8 
Large cylinder area= 24 X 18'3 = 436 - 8 
Condenser vacuum = 24 x 12-0 = 288 


-4-24 = 35-23 
- lbs. mean 
pressure. 


Total power . . = 845*6 
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Out of this 845 • 6 lbs. of* accumulated power, 288 lbs., or 
one-third of the whole, is due to the vacuum in the condenser, 
and 557"6, or two-thirds, to the steam. 

It may be instructive to compare the power given out in a 
single cylinder of the same capacity, and using the same quan- 
tity of steam. Thus, Nap. log. of 4*1 = 1-411 x 40 x 64-18-6 
= 17’67 lbs. as the mean pressure of expansion. 

And as before — 


Full pressure area =6 x 40 = 240-00 

Expended press, area = 186x 17‘67 = 32866 
Condenser vacuum =24-6x 12-0 =295-20 


4-24 = 35-99 
lbs. mean 
pressure. 


Total power . . . =863-86 

Now 863-86 — 845-6= 18-26 lbs., or 2-16 per cent, in favour of 
the power given out on one cylinder ; but with this greater 
power there is also much greater irregularity of motion. For 
various classes of machinery now driven by steam such irre- 
gular motion would be highly detrimental, whilst the more 
uniform motion produced by the double-cylinder engine enables 
the principle of expansion to be more extensively applied to 
general purposes than by the single-cylinder engine. 

There are other modifications of the double or combined 
cylinder engine, where the cylinders are placed on the top of 
each other, and differently arranged to provide the utmost 
economy; but the diagram conveys the idea of their action 
more clearly than if mechanically correct in the arrangement 
of the steam passages or position of the cylinders. They are 
a valuable class of engines. 


GENERAL REFERENCE TABLES. 

Table, No. 57, contains the average properties of unexpand 
ed steam of different temperatures and in various definitions. 
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Table, No. 57. 

TEMPERATURE, PRESSURE, AND RELATIVE VOLUME OF STEA1 

from 212° to 387'3° fah. in English and french mea 


SURES. 


Pressure on a 
Square Inch, in- 
cluding the 
Pressure of the 
Atmosphere. 

Elastic Force in 

| Temperature in Degrees of 

Volume of 
Steam com- 
pared with 
tne Volume 
of Water. 

Power c 
1 cub. fl 
of wate 
as stcan 
in lbs. 
raised 
1ft. high 

Inches of 
Mercury. 

Metres of 
Mercury. 

■ 

Fahrenheit. 

Reaum. 

Cent. 

lba. 

ltilog. 

in. 

metres. 

dee. 

deg. 

deg. 

lines. 

lbs. 

14-7 

6-668 

3000 

-762 

EHl 

800 

Ill WM 

1700 

2083 

15 

6-80 

30-60 

■778 

212-8 

80-4 


1669 

2086 

16 

7-26 

32 64 

•829 

216-3 

81-9 


1573 

2097 

17 

7-71 

34-68 


219-6 

83-3 

irsi 

1488 

2107 

18 

8-16 

36-72 

•932 


84-7 

105-9 

1411 

2117 

19 

8-62 

38-76 

•984 


86-0 

107-6 

1343 

2126 

20 

907 

40-80 


I 228-5 

87-3 

109-2 

1281 

2135 

21 

9-52 

42-84 

1-089 


88-5 


1225 

2144 

22 

9-98 

44-88 

1-140 


89-7 

112-1 

1174 

2152 

23 

10-43 

46-92 



90-8 

113-5 

1127 

2169 

24 

10-88 

48-96 

1-244 

238-7 

91-9 

114-8 

3084 

2168 

25 

11-34 

5100 

1-296 


93-0 


1044 

2175 

26 

11-79 

53-04 

1-348 

243-3 

93-9 


1007 

2182 

27 

12-25 

5508 


245-5 

94-9 


973 

2189 

28 

12-70 

57-12 

1-452 

247-6 

95-8 


941 

2196 

29 

1315 

5916 


249-6 

96-7 

120-9 

911 

2202 

30 

13-61 

61-21 

1-555 

251-6 

97-6 

1220 

883 

2209 

31 

14 06 

63-24 


253-6 

98-5 

1231 

857 

2215 

32 

14-51 

65-28 

1-659 

255-5 

99-3 

124-2 

833 

2221 

33 

14-97 

67-32 

1-711 

257-3 

1001 

125-2 

810 

2226 

34 

15-42 

69-36 

1-763 

259 1 

100-9 

126-2 

788 

2232 

35 

15-87 

71-40 

1-814 


101-7 

127-2 

767 

2238 

36 

16 33 

73-44 

1-866 

262-6 

102-5 

128-1 

748 

2243 

37 

16-78 

75-48 

1-918 

264-3 

103-2 

129-1 

729 

2248 

38 

17-23 

77-52 


265-9 

1040 

129-9 

712 

2253 

39 

17-69 

79-56 


267-5 

104-7 

130-8 

695 

2259 

40 

18-14 

81*60 


269 1 

105-4 

131-7 

679 

2264 

41 

18 59 

83-64 

2-126 


1060 

132-6 

664 

2268 

42 

1905 

85-68 

2-178 

272-1 

106-7 

1334 

649 

2273 

43 

19-50 

87-72 

2-229 

273-6 

107-4 

134-2 

635 

2278 

44 

19-96 

89-76 

2-281 


108-0 

1350 

622 

2282 

45 

20-41 

91-80 


276-4 

108-6 

135-8 

610 

2287 

46 

20-86 

93-84 

2-385 

277-8 

109-2 

136-6 

598 

2291 

47 

21-32 

95-88 


279-2 

109-9 

137-3 

586 

2296 

48 

21-77 

97-92 

2-489 


110-4 

1381 

575 

2300 

49 

22-22 

99-96 

2-541 

281-6 

111-1 

138-8 

564 

2304 

50 

22-68 

102 00 

2-592 

283-2 

111-6 

139-6 

554 

2308 

51 

23-13 

104 04 

2-644 

284-4 

112-2 

140-2 

544 

2312 
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VARIOUS PROPERTIES OF 


Pressure on a 
Square Inch, in- 
cluding the 
Pressure of the 
Atmosphere. 

Elastic Force in 

Temperature in Degrees of 

Volume of 
Steam com- 
pared with 
tne Volume 
of Water, 

Power of 
1 cub. ft. 
of water 
as steam 
in lbs. 
raised 
1ft. high. 

Inches of 
Mercury. 

Metres of 
Mercury. 

Fahrenheit. 

Reaum. 

Cent. 

lbs. 

kilog. 

in. 

metres. 

deg. 

deg. 

deg. 

lines. 

lbs. 

52 

23-59 

106-08 

2-696 

285-7 

112-8 

inia'l 

534 

2316 

53 

24 04 

108-12 

2-748 

286-9 

113-3 

141-6 

525 

H 

54 

24-49 

11016 

2-800 

288-1 

113-8 

142-3 

516 

2324 

55 

24-95 

112-20 

2-852 

289-3 

114-4 

142-9 

508 

2327 

56 

25-40 

114-24 

2-903 

290-5 

114-9 

143-6 


2331 

57 

25-85 

116-28 

2-955 

291-7 

115-4 

144-3 

492 

2335 

58 

26-31 

118-32 

3 007 

292-9 

1160 

144-9 

484 

2339 

59 

26-76 

120-36 

3 059 

294-2 

116-5 

145-7 

477 

2343 

60 

27-21 

122-40 

3111 

295-6 

117-2 

146-4 


2347 

61 

27-67 

124-44 

3163 

296-9 

117-7 

147-2 


2351 

62 

28-12 

126-48 

3-215 

298-1 

118-3 

147-8 

456 

2355 

63 

28-57 

128-52 

3-266 

299-2 

118-8 

148-4 

449 

2359 

64 

29-03 

130-56 

3-318 

300-3 

119-2 

149-1 

443 

2362 

65 

29-48 

132-60 

3-370 

301-3 

119-7 

149-6 

437 

2365 

66 

29-93 

134-64 

3-422 

302-4 

120-2 

150-2 

431 

2369 

67 

30-39 

136-68 

3-474 

303-4 

120-6 

150-8 

425 

2372 

68 

30-84 

138-72 

3-526 

304-4 

121-1 

151-3 

419 

2375 

69 

31-29 

140-76 

3-577 

305-4 

121-5 

151-9 

414 

2378 

70 

31-75 

142-80 

3-629 

306-4 

1220 

152-4 

408 

2382 

71 

32-20 

144-84 

3-681 

307-4 

122-4 

153-0 

403 

2385 

72 

32-66 

146-88 

3-733 

308-4 

122-8 

153-6 

398 

2388 

73 

3311 

148-92 

3-785 

309-3 

123-2 

154-1 

393 

2391 

74 

33-56 

150-96 

3-837 

310-3 

123-7 

154-6 

388 

2394 

75 

34-02 

153 02 

3-889 

311-2 

1241 

155-1 

383 

2397 

76 

34-47 

155-06 

3-940 

312-2 

IT7&1 

155-7 

379 

2400 

77 

34-93 

157-10 

3-992 

3131 


156-2 

374 

2403 

78 

35-38 

159-14 

4-044 

3140 

125-3 

156-7 

370 

2405 

79 

35-83 

161-18 

4 096 

314-9 

125-7 

157-2 

366 

2408 

80 

36.29 

163-22 

4-148 

315-8 

126-1 

157-7 

362 

2411 

81 

36-74 

165-26 

4-199 

316-7 

126-5 

158-2 

358 

2414 

82 

37-19 

167 - 30 . 

4-252 

317-6 

126-9 

158-7 

354 

2417 

83 

3765 

169-34 

4-303 

318-4 

127-3 

159-1 

350 

2419 

84 

3810 

171-38 

4-355 

319-3 

127-7 

159 6 

346 


85 

38-55 

173-42 

4-407 

320 1 

128-0 

1601 

342 


86 

39.01 

175-46 

4-459 

3210 

128-4 

160-6 

339 

2427 

87 

39-46 

177-50 

4-511 

321-8 

128-8 

161-0 

335 


88 

39 91 

179-54 

4-563 

322-6 

129-2 

161-4 

332 


89 

40.37 

181-58 

4-615 

323-5 

129-6 

161-9 

328 


90 

40-82 

183-62 

4-666 

324-3 

129-9 

162-4 

325 

2438 

91 

41-27 

185-66 

4-718 

325-1 

130-3 

162-8 

322 


92 

41-73 

187-70 

4-770 

325-9 

130-6 

163-3 

319 

W 7 

93 

42-18 

189-74 

4-822 

326-7 

1310 

163-7 

316 

wf iM 

94 

42-64 

191-78 

4-874 

327-5 

131-3 

164-2 

313 

2448 

95 

43 09 

193-82 

4-926 

328-2 

131-6 

164-8 

310 
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Pressure on a 
Square Inch, in- 
cluding the 
Pressure of the 
Atmosphere. 

Elastic Force in 

Temperature in Degrees of 

Volume of 
Steam com- 
pared with 
tne Volume 
of Water. 

Power of 
1 cub. It. 
of water 
as steam 
in lbs. 
raised 1 
ft. high. 

Inches of 
Mercury. 

Metres of 
Mercury. 

Fahrenheit. 

Reaum. 

Cent. 

lbs. 

kilog. 

in. 

metres. 

deg. 

deg. 

deg. 

lines. 

lbs. 

96 

43*54 

195*86 

4 977 

329*0 

132*0 

165*0 

307 

2453 

97 

44.00 

197*90 

5*029 

329*8 

132*4 

165*4 

304 

2455 

98 

44*45 

199*92 

5-081 

330*5 

132*7 

165*8 

301 

2457 

99 

44*90 

201*96 

5*133 

331*3 

133*0 

166*3 

298 

2460 

100 

45*36 

204*01 

5*185 

332*0 

133*3 

166*7 

295 

2462 

no 

49*89 

224*40 

5*703 

339*2 

136*5 

170*7 

271 

2486 

120 

54*43 

244*82 

6*222 

345*8 

139*5 

1 74-3 

251 

2507 

130 

58*97 

265*23 

6*740 

352*1 

142*3 

177*8 

233 

2527 

140 

63*50 

285*61 

7*259 

357*9 

144*8 

181*1 

218 

2545 

150 

68*04 

306*03 

7*778 

363*4 

147.3 

184*1 

205 

2561 

160 

72*57 

326*42 

8*296 

368*7 

149*6 

187*1 

193 

2577 

170 

77*11 

346*80 

8*814 

373*6 

151*8 

189*8 

183 

2593 

180 

81*65 

367*25 

9*333 

378*4 

153*9 

192*4 

174 

2608 

190 

86*18 

387*61 

9*851 

382*9 

156*0 

194*9 

166 

2622 

200 

90*72 

408*04 

10*370 

387*3 

157*9 

197*4 

158 

2636 

210 

95*23 

428*42 

10*88 

391*3 

159*7 

199*6 

151 

2650 

220 

99*77 

448*82 

11*39 

395*5 

161*2 

201*9 

145 

2663 

230 

104*3 

469*22 

11*91 

399*4 

163*3 

206*9 

140 

2675 

240 

108*8 

489*62 

12*43 

403*1 

164*9 

206*1 

134 

2689 


Table, No. 58, contains the specific quantity and power of a 
cubic foot of water evaporated per hour under various pressures. 

The relative weight of steam to water is nearly as their 
relative volumes. Thus, in Table No. 57, the relative volume 
of steam of atmospheric pressure is given as 1700, therefore 
the weight of a cubic foot of steam is iT^th part of a cubic 
foot of water, or 256*7 grains, as given in Table No. 58. For 
a cubic foot of water = 62 32 lbs. x7000 grains troy each lb., 
so that 436,240 grains -4- by 1700 = 256*7 grains ; and for 
other pressures use the ratio of the volume for a divisor. 

Inches of mercury x *4919 = lb. avoirdupois, and lb. av. 
X 2*03294 = inches of mercury. 

Table, No. 60, contains the Arithmetical Pressures, Means 
and Ratios of a Power of 1, expanded 24 times and at 24 dif- 
ferent ordinates of any stroke, illustrated by Diagram, No. 50, 
and page 206. 
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Table, No. 58. 


POWER OF STEAM FROM ONE CUBIC FOOT OF WATER 
GENERATED UNDER VARIOUS PRESSURES. 


DESCRIPTION OP STEAM. 

ITS MECHANICAL FORCE 
OR POWER. 

IN / 

HIGH PRESSURE 
ENGINE. 

Pressure in 

Specific Gravity. 

Power ■= to a 

Or a Weight 
raised 
1 Foot of 

£ • 
V. X 

sis 

e.5°. 

--s 

h . 

O o 

Taking the Horse Power 
as 30,000 lbs. 

Spec. Grav. 
to 

Air «= 1. 

Weight of a 
Cubic Foot. 

Weight of 

| Raised to a 

Height of 

b 

V 

if 

o 

gj 

*3 

o 

H 



Available 

Power. 

c 

c 

Atmos] 

Resista 

>heric 
nee in 

lbs. 

Ratio. 

Krs.troy 

lbs. av. 

lbs. 

ft. 

lbs. 

II. P. 

h. p. 

lbs. 

h. p. 

H. P. 

14*706 

*477 

256*7 

*0366 

2117*6 

1700 

60,000 

1*818 

2*000 

60,000 

2*000 


15 

*488 

261*4 

•0373 

*2160 

1669 

60,084 

1 8-21 

2*0028 

58, ‘XU 

1*963 

*0384 

17-5 

*560 

300*8 

•0429 

2520 

1450 60,900 

1*845 

2*0300 

51.175 

1*706 

•324 

•20 

•635 

340*5 

•0486 

2880 

li»l| 61,488 

1*863 

2*0496 

45.210 

1*507 

*542 

225 

•70S 

37J*3 

•0542 

3240 

1150 62,100 

1*882 

2 0700 

40.587 

1*353 

•617 

26*25. 

*814 

436*2 

•0627 

3780 

1000 63,000 

1*909 

2*100 

35.293 

1176 

•924 

30 

•922 

494 

*0757 

4320 

883 63,576 

1*9*26 

2*1192 

31,164 

1*031* 

1 080 

37 

1*131 

605*9 

•0865 

54<)0 

72061,800 

1-963 

2*160 

25,411 

*847 

1*313 

40 

1199 

642*5 

•0918 

5760 

679 65,184 

1*975 

2*1728 

23,964 

*799 

1-373 

45 

1*334 

715*1 

•1021 

6480 

610 65,880 

1*996 

2*1960 

21,529 

*717 

1*479 

50 

1*469 

787*4 

1125 

7200 

554 66,480 

2-013 

2*2160 

19,552 

•652 

1*564 

52*5 

1*536 

823*1 

1176 

7560 

530 66.766 

2*034 

2*2383 

18,705 

•6*23 

1*613 

eo 

1*736 

9» 

*1328 

86-10 

470,67,680 

2*051, 

2*2560 

17,254 

•575 

1*671 

70 

1*996 

1069*2 

•1527 

looso 

40868,544 

2*07^ 

2*2848 

14,400 

•480 

1*804 

75 

2*126 

1139 

1627 

10800 

383 68.9(a) 

2*089 

2*2986 

13,517 

•450 

1*848 

HO 

2*249 

1*205*1 

1721 

11520 

36*2 69,501 

2*106 

2*3168 

12,776 

•4*26 

1*89 

00 

2 505 

1342*3 

*1917 

12960 

3*25 70,200 

2*117 

2*3400 

11,470 

•382 

1*958 

05 

2*627 

1407*2 

•2010 

13680 

310 70,680 

2*141 

2*356 

10,941 

•364 

1*992 

100 

2*760 

1478*8 

•2112 

14400 

295 

70, NX) 

2*145 

2*3600 

10,411 

•347 

2*013 

105 

2*677 

1541*4 

•*2*20-2 

15120 

283 

71,316' 2*161 

2*3772 

9,986 

•333 

2*044 

no 

3 005 

1610*1 

•2300 

15810 

271 

71,544 2*168 

2*3848 

9,565 

•318 

2*066 

114*7 

3*1*20 

1671*4 

*2387 

16517*6 

261 

71,851 

2*177 

2*3960 

9,212 

•307 

2*088 

120 

3257 

1744*9 

*2492 

17280 

250 

72,000 2*182 

2*4000 

8,8-23 

•294 

2*106 

130 

3*494 

1872*2 

•2674 

18720 

*233 

72,096 

2*203 

2*4232 

8,223 

*274 

2*149 

135 

3*619 

1938*8 

*2765 

19140 

225)73,224! 2*219 

2*4408 

7,911 

*264 

2*176 

140 

3*733 

2000*1 

*2857 

20160 

218 73,250 2*2*20 

2*4416 

7.694 

*256 

2* 185 

150 

3*969 

2128 

*3040 

21600 

205 73,600 

2*230 

2*4533 

7,235 

*241 

2*212 

100 

4*241 

227*2*1 

*3245 

23040 

192) 73,728 2*234 

2*4576 

6,776 

"226 

2231 

165 

4*854 

2332*8 

*3332 

23760 

187 74,052 2*244 

2*4684 

6,570 

•219 

2*249 

170 

4*474 

2396*9 

*3989 

*24480 

182)74,256 2*250 

2*4752 

6,4*23 

•214 

2*261 

ISO 

4*771 

25*21*6 

*3602 

25920 

173174,736 2*264 

2*4912 

6,105 

•203 

2*288 

UK) 

4*935 

2643*9 

*3777 

27360 

165175,240 2*280 

2*5080 

5,823 

*191 

2*314 

105 

5*058 

2709*6 

•3870 

28080 

161 

75,348 

2283 

2*5116 

5,682 

*169 

2*322 

•200 

5*186 

2778*6 

*39 !8 

28800 

157 

75,569! 

2*290 

2*5189 

5,541 

•184 

2*334 

210 

5*537 

2906*6 

*4152 

3(8240 

150 

75,600 

2*291 

2*5*200 

5,294 

•176 

2*344 

•2*20 

5*655 

3029*5 

•4328 

31680 

141 

76,032 2*304 

2*5344 

5,082 

•169 

2*365 

*2*25 

5*776 

3093*9 

*4420 

32400 

141 

76,140 2*307 

2*5380 

4,960 

•165 

2*373 

‘240 

6*126 

3280 

•4685 

345G0 

133 

76,608 2*321 

2*5536 

4.694 

•156 

2*397 

300 

7*366 

3930*1 

•54114 

43*200 

111 

79,920 2*421 

2*664 

3,751 

*128 

2*539 

450 

10*179 

5453 

*779 

6*2800 

80 

*3,733 2*537 

2*7911 

2,823 

*094 

2*697 

600 

13*574 

7270*8 

1*0387 

86400 

60 

86,400 2*617 

2*8800 

2,117 

•070 

2*810 
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Table, No. 59. 

NAPIERIAN OR HYPERBOLIC LOGARITHMS. — Page 205. 


Num. 

Nap. 

Log. 

Num. 

Nap. 

Log. 

Num. 

Nap. 

Log. 

Num. 

Nap. 

Log. 

Num. 

Nap. 

Log. 

IBS 

•049 

305 

1-115 

505 

1-619 

7-05 

1-953 

9-05 

2-203 

tsg 

•095 

3-1 

1-131 

51 


7-1 

1-960 

91 

2-208 

Ilbe 

•140 

315 

1147 

5-15 


BEE 

1-967 

9-15 

2 214 

1-2 

182 

3-2 

1-163 

5-2 

1-649 

7-2 

1-974 

9-2 

2-219 

1-25 

223 

3-25 

1-179 

525 

1-658 

7-25 

1-981 

9-25 

2-225 

1-3 

262 

3-3 

1-194 

5-3 

1-668 

7-3 

1-988 

9-3 

2-230 

1-35 

300 

3-35 

1-209 

5-35 

1-677 

7-35 

1-995 

9-35 

2-235 

1-4 

33fi 

3-4 

1-224 

5-4 

1-686 

7-4 

2-001 

9-4 

2-241 

1-45 

372 

3-45 

1-238 

5-45 

1-696 

745 

2-008 

9-45 

2-246 

1-5 

405 

3-5 

1-253 

6-5 

1-705 

7-5 

2-015 

9-5 

2-251 

1-55 

438 

3 55 

1-267 

5-55 

1-714 

755 

2-022 

9-55 

2-257 

1-6 

470 

3-6 

1-281 

5-6 

1-723 

7-6 

2-028 

9-6 

2-262 

1-65 

500 

3-65 

1-295 

5-65 

1-732 

7-G5 

2-035 

965 

2-267 

1-7 

531 

3-7 

1-308 

5-7 

1-740 

7-7 

2-041 

9-7 

2-272 

1-73 

560 

3-75 

1-322 

5-75 

1-749 

7-75 

2 048 

9-75 

2-277 

1-8 

588 

3-8 

1-335 

5-8 

1-758 

7-8 

2 054 

9-8 

2-282 

1-85 

615 

3-85 

1-348 

5-85 

1-766 

7-85 

2 061 

9-85 

2-287 

1-9 

642 

39 

1-361 

5-9 

1-775 

7-9 

2 067 

9-9 

2-293 

1-95 

668 

3-95 

1-374 

5-95 

1-783 

795 

2-073 

9-95 

2-298 

2-0 

693 

4-0 

1-386 

6-0 

1-792 

8-0 

2-079 

10- 

2-303 

205 

718 

4-05 

1-399 

6-05 

1-800 

8-05 

2-086 

15- 

2-708 

2-1 

742 

4-1 

1-411 

6-1 

1-808 

8-1 

2 092 

20- 

2-996 

2-15 

765 

4-15 

1-423 

6-15 

1-816 

8-15 

2-098 

25- 

3-219 

22 

788 

4-2 

1-435 

6-2 

1-824 

8-2 

2104 

30- 

3-401 

12-25 

811 

4-25 

1-447 

6-25 

1-833 

8-25 

2-110 

35- 

3-555 

2-3 

833 

4 3 

1-459 

6-3 

1-841 

8-3 

2-116 

40- 

3-689 

2-35 

854 

4-35 

1-470 

6-35 

1-848 

8-35 

2-122 

45- 

3-807 

2-4 

875 

4-4 

1-482 

6-4 

1-856 

8-4 

2-128 

50- 

3-912 

2-45 

896 

4-45 

1-493 

6-45 

1-864 

8-45 

2-134 

55* 

4 007 

2-5 

916 

4-5 

1-504 

6-5 

1-872 

8-5 

2-140 

60- 

4-094 

2-55 

936 

4-55 

1-515 

6-55 

1-879 

8-55 

2-146 

65- 

4-174 

2-6 

956 

4-6 

1-526 

6-6 

1-887 

8.6 

2-152 

70- 

4-248 

2-65 

975 

4-65 

1-537 

6-65 

1-895 

8-65 

2-158 

75* 

4-317 

2-7 

993 

4-7 

1-548 

6 7 

1-902 

8-7 

2-163 

80- 

4-382 

2-75 

1-012 

4-75 

1-558 

6-75 

1-910 

8-75 

2-169 

85- 

4-443 

2-8 

1-030 

4-8 

1-569 

6-8 

1-917 

8-8 

2-175 

90- 

4-500 

2-85 

1047 

4-85 

1-579 

6-85 

1-924 

8-85 

2-180 

99- 

4-554 

2-9 

1-065 

4-9 

1-589 

6-9 

1-931 

8-9 

2186 

100- 

4-605 

2-95 

1-082 

4-95 

1-599 

6-95 

1-939 

8-95 

2192 

1000- 

6-908 

3.0 

1 0S9 

5-0 

1-609 

7-0 

1.946 

9 0i 

2-197 

10,000- 

9-210 


Noth. — H yperbolic logarithms express the areas of the irregular spaces or divi- 
sions of the rectangular hyperbola whose congregate and transverse axes are equal, 
and whose ordinates decrease in geometrical progression . Common logarithms 
multiplied by 2 30258 give hyperbolic or Napierian logarithms. 
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Table, No. 60. — relative pressures of steam expanded to twenty four times — Page 206. 
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The Mean) of full pressure are each taken as a power = 1 ; and the Exp. and total Means are each their relative proportion to the initial pressure as 
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Application of Steam Tables. 

To find the power of water as steam (Tables 57, 58). 

1st. Multiply the pressure in lbs. per square inch by the 
relative volume of steam to water, and divide by twelve for the 
lbs. raised one foot by one cubic inch of water as steam. 

2nd. Multiply the pressure in lbs. per square foot by the 
relative volume of steam to water for the lbs. raised one foot 
by one cubic foot of water as steam. 

Ex. — Required the power of water as steam of atmospheric pressure, 
or 14*706 lbs. per square inch, and its relative volume = 1 700 ? 

1st. 14*706 x 1700-rl2 = 2083 lbs. raised 1 foot by 1 cubic inch of 
water. 

2nd. 14*706 x 144 sq. in. x 1700 = 3,600,028 lbs. raised 1 foot by 1 
cubic foot of water. 

The horse-power dynam. is variously estimated from 22,000 
to 44,000 lbs. raised one foot, and Watt adopted 33,000 lbs. ; 
but the advantage of a more simple unit has many advocates. 
Taking the power of a cubic foot of water as steam of atmo- 
spheric pressure, as 3,600,028 lbs. per hour, it gives 60,000 lbs. 
per minute, or say two horse-power of 30,000 lbs. This con- 
venient multiple of three, founded on the natural law of atmo- 
spheric pressure, is adopted in Table 58, to promote the desired 
simplicity. 

The usual 33,000 lb. dynam. is also a multiple of three ; 
hence one-tenth the number of these dynams. added to them 
gives the number of 30,000 lb. dynams., and one-eleventh of 
the 30,000 lb. dynams. deducted from themselves leaves the 
number of 33,000 lb. values from the same amount of power 
in lbs. raised one foot. 

Ex. — If (team of 45 lbs. pressure from 1 cubic foot of water raises 65,880 
lbs. 1 foot high per minute (Table 59), required the horse power thereof? 

1st. 65880-4-30000 = 2*196h.p.—^ T th = l*996h.p.'of 33, 000 lbs. value. 

2nd. 65880 + 33000 = l*996h. p. -r-^yth = 2* 196b. p. of 30,0001bs. value. 

PART II. L 
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EXPANSIVE POWER OF STEAM. 


Power of Expanded Steam, Tables 58, 59. 

To find the power of any ordinate, or mean expansion, or 
mean total power, multiply the respective tabular number by 
the initial pressure in pounds per square inch. 

For the total power of a boiler, multiply the given evapora- 
tion in cubic feet per hour by the power in lbs., or in horse- 
power due to the given temperature or pressure in Table 59 ; 
and for the gain by expansion add the product of this power 
multiplied by the Ratio of the given expansion in Table 58. 

For the available power of a high-pressure boiler or engine, 
from the total gross power as last found, deduct the atmo- 
spheric resistance in Table 59, multiplied by the evaporation 
per cubic foot per hour, and this product also multiplied by 
the relative time of expansive to full pressure action. 

Ex. — Required the length of the 20th ordinate of expansion when the 
steam of 100 lbs. pressure is cut off at a quarter of its stroke ? 

Opposite the 20th ordinate in the Table, and under 4, the ratio of e-d 
pension, is *30, which being multiplied by the pressure 100 = 30 lbs. the 
pressure required. 

Ex. — Required the total and available horse-power of a high-pressure 
boiler evaporating 100 cubic feet of water per hour, under a pressure of 
100 lbs. per square inch ? Also, when working an engine three-fourths 
expansively ? 

1st. — Total Power. 

100 lbs. pres. Table 59 = 2*36 h. p. x 100 c. f. evap. =236*00 h. p. 

£ full pres. Table 58 = 1*32 ratio x 236*00 =311*52 h. p. 

Total power = 547 *52 h. p. 

2nd. — Atmospheric Resistance. 

At. res. of 100 lbs. pres. = *347 h. p. x 100 evap.=34*7 h. p. to full 
pressure, and 34*7 h. p. x 4 ratio of exp. = 138*8 h. p. of atm. res. to 
overcome, when the steam is expanded 4 times. 

3rd. — Available Power. 

Full pre8s.=236*00 h. p. — atm. res. of 34*7 h. p. = 191*30 h. p., and 
exp. 4 times =547*52 h. p. — atm. res. of 138*8 h. p. =408*72 h. p. 

available power in a cylinder, where no loss arises in trans- 
mitting it there from the boiler. 
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SECTION III. 

OUTLINE OF STEAM HISTORY. 

CHAPTER I. 

ANCIENT STEAM AND HOT AIR ENGINES. 

The genealogy of steam, or hot air power, like that of 
heraldry, or science, or mechanics, or manufactures, passes 
into the romance of antiquity, and is besides involved in the 
secrecy of idolatrous worship, which has left only scanty 
means to trace it. 

These means are historical allusions, but chiefly a philo- 
sophical treatise on the “Inventions of the Ancients,” by 
Hero, of Alexandria, a pupil of Ctesibus, whose time is va- 
riously estimated as from 225 to 150 b. c. 

Historically, however, since Hero recorded the existence of 
the steam-engine in an existing language, no retrogression 
marks its onward progress. An outline, therefore, of its his- 
tory will more pleasingly convey rudimentary instruction on 
the application of steam power, than could be done by abstract 
reasoning. By this plan there is also the advantage of bring- 
ing into converse, as it were, the inventive ideas of past and 
present steam-engine improvers ; for Boyle well remarked, 
that failures are as instructive as successes. The practice of 
seeking to enhance modern science by disparaging that of past 
ages is too often done, and we regret to find one so eminent 
as Dr, Lardner attempting to show that the ancients were 
ignorant of steam, because they described it as “air pro- 
duced by heat from water.” 

As we have shown, steam is still treated as air in its elastic 
properties ; and if these properties are described and acted 

i. 2 
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homer’s remarkable 


upon, it is evidence of knowledge ; for the description of any new 
discovery is necessarily comparative until a name is adopted. 

Following the course usually adopted in giving practical 
forms to the descriptions of inventors, such as those of the 
Marquis of Worcester and others, two of Hero’s altar engines 
will be shown as cranes, with a view of usefully illustrating 
the romance of steam and hot air engines. 

To make these more clear, Homer’s ships, which “ plow 
with reason up the deeps,” and Tlato’s reference to steam, will 
be first noticed. 

Homer, 927 b. c. — It is uncertain how long steam power 
may have been employed ; but in cooking it would early dis- 
play its force, and lead ingenious minds to apply it otherwise. 
When the word “ steam” was generally used for the vapour 
of water is not known ; but Homer speaks of “steam” from 
roasting meat, as it is yet spoken of ; and his description of 
the Phseacian ships is an instance of great power being poeti- 
cally, if not really, existent. 

In Ogilby’s edition of his Odyssey, dated 1699, Homer 
makes the Phseacian Prince thus address Ulysses the Greek : — 

“ Now, Sir, be pleased you would yourself declare, 

Where you were born and what your Parents are, 

And your Aboads : that so we may instruct 
Our Ship, you to your Country to conduct ; 

We use nor Helm nor Helms-man. Our tall ships 
Have Souls, and plow with Reason up the deeps. 

All Cities, Countries know, and where they list, 

Through Billows glide veiled in obscuring Mist ; 

Nor fear they Rocks, nor Dangers on the way, 

But once I heard my sire, Nausithous, say, 

Neptune enraged, because we do transport 
So many people safe from Port to Port, 

Returning will our vessel sink.” * * * 

This is a glowing description of navigation, conceived and 
described about 2800 years ago, if not partly realized by 


Digitized by Google 



PHiEACIAN SHIPS. 


221 


some potent agent whose powers seemed illimitable to Homer. 
In various other passages, when describing Grecian ships, 
oars only are referred to, as in Ulysses’ command to avoid a 
rock : — 


“ Sit on your Banks with pliant Oars to sweep, 

All as one man, the surface of the deep ; 

But Helmsman thy care the vessel must protect.” 

Paddle-wheel boats moved by manual, or horse, or other 
power, and oars, are the only ancient propellers now known 
besides sails. 

If, then, those “ renowned Phaeacians,” or ancient Egyp- 
tians, employed neither horse, nor steam, nor other potent 
motive agent to propel their ships, then Homer conceived and 
clothed with brilliant language a Great Idea, all but literally 
translated by recent Navigation. 

From the well-known science of the Egyptians; from Homer’s 
frequent reference to “Hecatombs of Cattell,” sacrificed to 
propitiate the gods, accompanied by wood, fire, and water to 
the altar, and completed by libations of wine poured on 
the sacrifice, as 

"On burning Altars a Libation due,” 

we can scarcely doubt but that they were well acquainted 
with steam power as used in religious services ; and as Homer’s 
assertion to Ulysses, 

“ Since at Contrivements we are Skilful both 
For dex’trous Sleights, ’mongst Mortals thine’s the prize,” 

is attested by their existing monuments, it would be easy for 
such “ skilful contrivers ” to convert a “ wine or water-raising 
engine ” into a stone-raising one useful in the arts. 

Plato, 390 b. c. — The prevailing darkness regarding the 
scientific and practical knowledge of the ancients is iu a great 
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measure due to the philosophers of those days, such as Plato, 
considering it derogatory to explain science to the uninitiated, 
or record the inventions of the “ vulgar,” however meritorious, 
beyond a passing allusion to them in other subjects. 

Plato describes steam as water melted into air by heat, 
which could be compressed into water again — a very correct 
description of the generation and condensation of steam, 
although that word is not used. 

He also makes Timaeus speak of ingenious inventions in 
the mechanical arts ; and from Plato’s particular notice of 
steam power, it is evident that it was then a familiar object to 
learned and ingenious men, and may have been equally so in 
Homer’s time. Neither can it be doubted that Aristotle, one 
of Plato’s disciples, who died 322 b. c., Euclid, the mathe- 
matician, who flourished 300 b. c., Archimedes, the great 
geometrician and mechanician, who was basely slain 212 b.c., 
would be all conversant with steam and the steam mechanism 
of their days. 

More particularly in the noble defence of Syracuse against 
the Romans is Archimedes believed to have employed steam 
in some of his defensive engines, whilst with his burning- 
lenses he attacked the invaders, and drew the attention of the 
world to the resources of mechanical science. 

Hero, 150 b. c. — About this time, if not before, Hero of 
Alexandria wrote his able treatise on the “ Inventions of the 
Ancients” of his day, which has associated his name with the 
invention of the steam-engine, although it appears to have 
been known some thousand years before his time. Hero states 
that some of the seventy-eight inventions he describes were his 
own, but does not specify which they are. 

Like other sources of information, extending beyond the 
burning of the Alexandrian Library of 400,000 volumes by 
the Saracens under Omar, 640, a.d., steam, in all probability, 
also lost its records. Hero’s treatise was written hefore this 
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dire event, but policy would guide his selections from the 
records of former inventors, which he professedly gives. 

In a commendable spirit of justice, Professor Woodcroft, 
of University College, London, and Professor Greenwood, of 
Owen College, Manchester, have jointly published a carefully 
revised edition of Hero’s treatise on Pneumatics, which de- 
scribes and illustrates seventy-eight “Ancient Inventions.”* 

Many of them are very ingenious, and display a knowledge 
of the properties of steam, air, and water. Amongst the 
number are a syphon, a fire-engine pump, a water-clock, 
steam-engines, altar-libation engines, singing-birds, and other 
devices, ending in an automaton drinking water after a knife 
had passed through its neck. They would well repay a careful 
examination-)-. 

Hero’s 45th invention, Fig. No. 52, 
illustrates the force of steam in raising a 
weight A out of its seat in D, as it passes 
up the pipe C from the boiler B, in which 
it is generated by the fire F, which would 
also equally move a piston in a cylinder. 

This is still occasionally a lecture expe- 
riment ; and the locomotive ball-valve is 
similar in its construction and action, by 
being raised from its seat by the water 
pumped into the boiler. 


* Taylor and Walton, London. 

+ Hero algo wrote four other treatises still extant, on “ Missiles,” on 
“ Automata,” on the “ Dioptra” or spying tube, and on “ Lifting heavy 
Bo lies.” A translation of the last would be a useful addition to Wood- 
croft’s translation of the “ Pneumatical Treatise,” since there is no work 
existing on the every-day mechanism of the Antediluvians, or of the im- 
mediate descendants of Noah, acquainted with mechanism in use both 
before and after the flood. 


Fig. No. 52. 
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c 





Fig. 

e 


No. 54. 


Hero’s 47th invention, Fig. No. 
53, is designed for the heat of the sun 
to expand the water in A, and by com- 
pressing the air on its surface jointly 
with the vapour formed, to force the 
contents in A up the pipe B. When A 
is cooled, the water in D would rise to 
fill the partial vacuum in A, and be 
emptied as before. By substituting 
Ancient Hot Air Engine. a g re below A instead of the sun above 
it, we have a simple water-raising engine on De Caus’s plan, 
but wanting the separate cylinders to make it either as com- 
plete or economical as the idolatrous engine, Fig. 55. 

Hero’s 50th invention. Fig. No. 54, is 
a simple yet complete rotatory steam- 
engine, capable of giving motion to 
machinery. The steam generated in A 
passes up the hollow frame B into the 
globe C, freely suspended on the point of 
B and on an opposite centre. The steam 
then issues at an orifice on one side only 
of each arm E F, against the air, whose 
resistance causes these arms to recede in 
an opposite direction and produce rota- 
tion of the globe C. If the steam had 
issued at both sides of the arms the re- 
sistances would have balanced each other 
Ancient Rotatory Engine, without obtaining rotation, similarly to 
two persons of equal power opposing each other in opening a 
gate. By a pinion D, or pulley on the solid centre of the 
globe, motion could be communicated to machinery ; and a 
modified engine of this class was recently employed in the 
printing establishment of the Messrs. Chambers of Edinburgh.* 
* Before noticing the altar-engines, it may be interesting to state, that 
the properties of the atmosphere and a vacuum are discussed by Hero as 
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Altar-Engines. — Hero’s description of these engines shows 
a clear knowledge how to apply the powers of steam or hot 
air to raise fluids. His 11th and 60th inventions, entitled 
“ Libations at an Altar by Fire,” and " Libations poured on 
an Altar, and a Serpent made to hiss, by Fire,” display both 
scientific and practical skill. For on a large scale both libation* 
engines would be quite capable of exerting immense lifting 
power. One example will therefore be given as both morally 
and practically instructive on this point. 


Fig. No. 55. 



“ I am all that has been, is, or will be ; and no mortal has ever lifted 
my veil.”— Isos. 

Let Fig. No. 55 represent Isus in his splendid temple with 

they still are ; that various figures illustrate the motive power between 
water and air-pressure ; that Figs. 9, 49, and 54 show the power of 
compressed air ; Fig. 27 an effective fire-extinguishing engine with two 
bronze cylinders, “ bored in a lathe to fit pistons,’’ and each piston con- 
nected to one end of a beam vibrating on its centre, as in modern 
engines; Figs. 11, 37, 38, 60, and 70, the power of hot air, or hot air 
with steam ; Fig. 57, a syringe; Figs. 4, 33, 68, and 78 the screw-press, 
rack and pinion, bevel-gear, pulleys, and counter-weights; Figs. 74 and 
75, cylindrical boilers with inner concentric hot air chambers or fire* 

L 3 
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IDOLATROUS ENGINES 


the altar A*, sacrifice C, and the attendant altar guardians. 
Part of it is sectional, to show the secret engine clearly. B, 
the boiler from which the steam passes by the pipes S S into 
the wine cylinders to force their contents out by the pipes along 
the priest’s arms, similar to Porta’s, Worcester’s, Morland’s, 
Papin’s, and Savary’s and other similar water-raising engines. 
The wine pipes terminate in cups held by the priests, and a 
third steam-pipe, T, passes from the boiler to the idol’s head, 
with branches to the mouth, or nose, or both. With conve- 
nient stop-cocks, and all concealed from view, this mechanism 
gave great power of deception. 

Suppose, for instance, that the priestly exhortations were 
ended, and the worshippers expected the public sanction of 
the idol, hot air or steam admitted to the head would give the 
oracular response on any concealed musical or other me- 
chanism there, whilst the steam would escape like breathing. 
In like manner with the sacrifice, steam or hot air admitted to 
the wine cylinders would cause it to flow out into the cups 
as if miraculously obtained. Since it better accounts for 

places, (in which a fire-pan and grate could be let down, as in Moses’ 
altar of burnt offerings,) and tubes for admitting air, for blowing the fire 
by hot air, for blowing a trumpet, and for whistling like a blackbird ; Fig. 
76, an organ-blowing cylinder, with slide valves to each pipe, worked by 
a bell crank motion similar to the rocking shaft valve motion of locomo- 
tives, or Ericcson's caloric engine; and Fig. 77, a wind-mill working an 
organ-blowing cylinder. In the most elaborate of these designs, hot- 
air power is a leading feature, aided by steam to increase its effect. 

* In the British Museum, Egyp. Gal., No. 135, is a small altar of 
libations, with a central tank (or boiler like Brindley’s stone ones), and 
in the bottom are three holes, as if for pipes, arranged after Hero's design. 
In the Egypt Room, cases 24-5, is a libation vase with a large strap-like 
oval hole through it, and which divides it at that part into two separate 
vessels, but forming one vessel only at the top and bottom. This vase 
could be easily bound to any person or object, and its tubular orifice 
convey hot air or steam into it, whilst another similar tube might lead 
from its top — now broken off— to a cup in the priest’s hand. 
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various historic records of scenes at idolatrous worship unac- 
countable to the witnesses, we have merely altered Hero’s 
original “serpent’s head hissing” for a man’s head, as a 
statue, on which the heat of an eastern sun would generate 
steam of available force from any water concealed in it.* 

Air would also produce similar effects when heated. By 
admitting it at one opening, and its expansion by heat shutting 
that entrance and opening another for escape, the heat of the 
sun would give sufficient power to emit sounds. 

Philostratus states that sounds proceeded from Memnon 
like a stringed instrument, when the sun shone. Pausanius 
compares them to snapping the strings of a harp, and Strabo 
mentions his having heard similar sounds. Thus : 

11 Memnon's broken image sounding, 

Tuneful ’midst desolation still.” 

Closed from the air, a little water confined in any ex- 
posed part of this celebrated idol would produce these sounds 
again and again, “when the sun shone.” As such water 
would be literally in the position sought by some modern 
steam engineers, viz., to use the same water over and over 
again without loss, it would be a question of time how long 
water entirely excluded from the air would retain its usual 
properties of generating steam to produce these sounds, and 
at what temperature it would be produced. 

De Caus’s Sun Fountains, 1612. — The recorded movements 
of idols when the sun rose, and of the sounds proceeding from 
them, led the mechanics of the 17th century to imitate them 
by various ingenious arrangements of mechanical music. 
Amongst these was De Caus ; and as showing the power of the 
sun on confined water, we give in this place two of his illus- 
trations of ancient sun fountains, which may be otherwise 
interesting in these days of Crystal Palace fountains. 

* Serpents were formerly venerated as idols. 
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SUN FOUNTAINS. 


Fig. No. 66. 

Fig. No. 56 is a sectional view 
of two copper vessels (four were 
used) A A, filled with water at 
HH by atmospheric pressure 
from the well R. The heat 
of the sun expands the water 
in A A and forces it up the 
pipes I B about 5 or 6 feet. 
To increase the effect of the 
sun, “burning lenses,” LLL, 
Fig. 57, were introduced, which 
raised the water much higher 
than before. The acting force 
is steam and air compressed in 
A A until their power exceeds 
that of the atmosphere acting 
on the water in R. With a 
fire instead of the sun, these 
would have been useful water- 
raising engines. 

There exists, therefore, no 
good grounds to discredit the 
testimony of those who describe 
scenes often deemed fabulous, 
since our own “ wizards” prove 
how readily the eye fails to de- 
tect artifices confessedly prac- 
tised. Neither need it excite much surprise that nations had 
faith in a mythology at once sublime and awe-inspiring, and 
commanding the services of such clever priests and skilful 
mechanicians. For a good-sized engine was not only equal to 
gently pouring out wine, but might in one instant be made to 
eject the steam or water amongst or against afiy refractory wor- 



Digitized by Google 




ALTAR ENGINES AS CRANES. 229 

shippers, as is supposed was done by Archimedes to defend 
Syracuse. 

Fig. No. 58. 


Single-acting Altar-Engine as a Crane. 

Altar-Engines as Cra7ies. — Fig. No. 58 is a crane nearly 
identical in its form to Hero’s 11th invention (which is a water- 
raising engine), but mounted on wheels for conveying materials 
from place to place. B the boiler, S the steam-pipe, \V the 
water cistern, and S S the water elevation pipes. This is the 
altar hot air engine as shown by Hero. Now if we place a 
piston P in each tube S, and connect them together at the top 
by a platform A, from which another platform D is suspended, 
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DOUBLE-ACTING PORTABLE 


we have evidently a crane of great power and simplicity. For 
as air or steam admitted into the cistern forces the water up 
the pipes, so would any weight be lifted, within the limit of 
the crane power. 

By opening the small cock c, weights could also be lowered 
by allowing the force to escape more or less rapidly, as re- 
quired ; in short, raise or lower weight with as much delicacy 
as is now done by any crane. 

On the lowest platform a block or load could be readily 
placed from the ground, then raised one lift of the crane and 
blocked up for another lift, and so on until the required height 
was gained. 


Fig. No. 59 . 



Double-acting Altar -Engine at a Crane. 
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Fig. 59 is a six-wheeled steam-crane on the plan of the wine 
libation engine Fig. 52, but with the steam-pipes from the 
top of the boiler, as they are not required to be concealed as 
in the altar-engine. The same letters apply as in Fig. 55. By 
this means still greater delicacy in raising blocks to any angle 
is obtained, by admitting steam to or from each separate sy- 
phon-shaped cylinder as required. With such cranes, the 
most ponderous monolinths, even the great sphynx itself, 
would be readily handled or removed.* 

The destruction of Assyrian, Babylonian, Chaldean, and 
Egyptian power also annihilated their acquired knowledge and 
mechanism — a great loss to mankind. 

The use of steam for religious and other professional pur- 
poses appears to have made its power a secret known only to 
the initiated, until the republication of Hero’s treatise, in 1547, 
set in motion that mental power which step by step has made 

. * These cranes were engraved before seeing the sculptured outline of 
the 4 and 6-wheeled besieging engines of the Assyrians in the Nimroud 
Gallery of the British Museum, which embody a similar idea of power to 
work the highly-inclined battering or rather excavating arms, and of por- 
tability by wheels. Since such engines were employed to destroy edifices, 
by a slight modification they could also aid in erecting them, although it 
is the usual opinion that inclined planes, rollers, and man-power were the 
chief lifting resources of the ancients. This opinion is, however, 
scarcely consistent with their known scientific and practical resources, 
as exemplified by modern researches. 

For special occasions, as in Mr. Layard’s case, inclined planes or other 
expedients might be adopted, and from their contrast to the ordinary 
means be similarly delineated, yet as little represent the mechanics 
resources of the ancients as those employed in removing the Nimroud 
sculptures did those of Great Britain. 

The efforts of commentators to explain down to their own ideal of 
ancient knowledge the plainest references to skilled productions by 
Moses, Homer, and others, ill accord with the results of discovery ; and 
— space permitting — on the article on wheels a few examples of this class 
will be noticed, in support of the literal accuracy of the texts called in 
question, and of the mechanical skill of past ages. 
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the steam-engine what it is, and which is now experimenting 
with hot air on a large scale in America. 

Anthemius , 530. — In revenge for having been baffled in a 
wordy dispute by Zeno the orator, this architect of Justinian 
conveyed steam by elastic pipes below the floor of Zeno’s 
house, and so alarmed the orator that he yielded to a rival 
who shook his house and the “ earth as with the trident of 
Neptune.” It is thus clear that Zeno had no knowledge of 
steam power, so familiar to his professional opponent. 

Gerbert, 1125. — This learned priest appears to have applied 
one of Hero’s plans to an organ at Rheims, in which the air, 
escaping by the force of heated water, produced musical tones 
in combination with water. 

Alberti, 1412. — The knowledge of the extreme force of 
steam again appears professionally by Alberti comparing it, 
when generated from water in the cavities of limestones, as 
bursting them with great noise, and blowing up the kiln with 
irresistible power. 

De Garay, 1543. — Spain being in the meridian of her power 
about this time, transporting her armies across the ocean, be- 
came an object of great importance, when De Garay, one of 
her naval captains, proposed to propel ships by steam. The 
Romans transported Claudius Caudex’s army into Sicily by 
paddle-wheel boats worked hy oxen; and in 14/2, Valturius 
describes two paddle-wheel galleys. The one had five wheels 
on each side, and each opposite pair connected together by a 
cranked axle. These cranks were again connected together, 
that the motion of the paddle-wheels might be simultaneous. 
The other boat had only one paddle-wheel on each side, fixed 

on a cranked axle. 

* 

Acquainted, probably, with this or earlier Homeric ideas or 
modes of moving ships, and ambitious to emulate the Romans, 
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or, Joinville-like, invade our own envied shores (as was at- 
tempted by the Spanish Armada, in 1588), De Garay selected 
steam as his auxiliary. His plan was kept secret, but a steam- 
boiler was on board, and the paddle wheels were seen to 
propel the vessel. It might be done by a 
rotatory steam wheel, like Hero’s, on the 
paddle shaft, or by a steam jet driving a 
central wheel, as in Fig. No. 60, or by a 
steam jet issuing at the stem against the 
resisting water, but below its surface. 

The result of a trial at Barcelona, before 
the Spanish court, was that a vessel of 
200 tons burden was propelled about three 
miles an hour — no mean performance 
then — and now interesting from the pro- 
gress of steam navigation. De Garay’s 
success was honoured by the court ; but 
his invention was neglected. 

From so many modern examples of neglected inventions 
it is more surprising that De Garay should have received 
honour for a successful experiment, than that his plans were 
not improved upon. 

The republication of Hero’s treatise at Bologna, in 1547, 
and at several other places, led many eminent men to suggest 
various modes of usefully employing steam and hot air, a few 
of which will be noticed. 

About 1548 Vitruvius refers to the steam from an seolipile 
as wind produced by heat; and Philibert de l’Orme proposed 
an seolipile to cure smoky chimneys. 

Cardan, 1557. — The force of steam, and the rapid vacuum 
produced by its condensation, are both ablv treated by Cardan, 
who also invented the smoke-jack, as still made, to illustrate 
the power of hot air. Possessing great scientific and super- 
stitious knowledge, his life presents a singular blending of 


Fig. No. 60. 
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these together ; as was also partially displayed in England by 
the Marquis of Worcester and other inventors. 

Bressen, 1569. — An anonymous pamphlet, published at 
this time, on the expansive force of steam, is attributed to the 
pen of this celebrated mathematician and reputed author of a 
collection of machines, but published in 1578, after his death. 

Matthesius, 1571. — In a sermon Matthesius illustrated the 
great effects produced by small things, by reference to the 
great power produced by heat from a small quantity of water. 

And in 1577, an observer in Soyer’s useful cuisine depart- 
ment introduced a rota- 
tory steam-engine. Fig. 
No. 61, to turn a roast- 
ing-spit, as a great and 
clean improvement upon 
the dog, previously em- 
ployed to do so, but not 
always proof against 
“ pawing ” the savoury 
temptation beside him. 

In 1578, an English military writer, and in 1587, Pauce- 
rollus, both refer to paddle-wheel vessels as then in use. 

Ramelli, 1588.— At this time another collection of machines 
was published yb this experienced engineer, which, along with 
that of Bressen, greatly promoted subsequent improvements in 
steam and other machinery. 

Platte, 1594. — Sir H. Platte still describes steam as “ water 
attenuated by fire into air,” which by its emission from a 
whirling seolipile, made of copper, blows a fire strongly. 

He also suggested the collection of steam from domestic 


Fig. No. 61. 
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operations, and conveying it by pipes to force the growth of 
plants in a house near the kitchen. 

Porta, 1601 — 1609. — Porta’s plan of showing the relative 
volume and force of steam in raising water, was an ingenious 
one for his time. 

The neck of the boiler B, Fig. No. 62, Fig. No. 62. 
rises above the water in the vessel A, so 
that the steam generated in B may force 
the water out of A up the pipe D. The 
pressure of the steam was ascertained by 
weights on the valve C, and its relative 
volume by the ratio of the quantity of 
water forced out of A to that evaporated 
in B to force it out. Although not an 
accurate plan, still it shows a clear idea 
of obtaining that knowledge of steam 
which has so much engaged the attention 
of modern philosophers, as already ex- 
plained, and was given by Porta as an 
improvement on Hero’s fountain, Fig. Porta 7 s Engine, 1606. 
No. 53. The popular magic lantern is Porta’s invention. 

Rivault, 1603. — Rivault shows a know- 
ledge of the great force of steam, by his com- 
paring it as equal to burst a bomb partially 
filled with water and placed on a fire, as in 
Fig. No. 63. The abutment or point of resist- 
ance to the escaping steam being in a line 
opposite to the fracture, the burst shell would 
be carried in that direction, as indicated by the 
arrow. Likewise, in any explosion of steam, 
the boiler would be forced in a line opposite to 
the fracture. 

S. De Caus, 1612 — 1615. — There appear to have been two 


Fig. No. 63. 



Force of Steam, 
1603. 



Digitized by Google 



236 


DE CAUS, RAMSAY, 


De Caus’ s — a Solomon, the eminent engineer, and an Isaac, 
also a steam-engine historian. Solomon still describes steam 
as “ water dissolved into air by fire,” and its force as “ infalli- 
bly bursting a copper ball containing water and exposed to 
heat.” 

He also discusses the evaporation of water by heat, and the 
condensation of such vapour by cold to its original volume of 
water again. 


Fig.No. 64. 



De Cam’s En- 
gine, 1612. 


Fig. No. 64 shows his plan of raising water. 
As the steam is generated it forces the water be- 
low it at B up the pipe C. The pressure of the 
steam is regulated by the valve D, at which also 
the boiler was filled. For raising water, his plan 
is inferior to Porta’s in economy, since the hot 
water is expelled from the boiler, losing both time 
and heat in generating steam again. Porta’s, on the 
contrary, forces cold water from a separate vessel, 
and retains the hot water for steam, a difference 
greater, yet not much dissimilar to Newcomen’s 
condensing in the cylinder, and Watts’s condensing 
in a separate cylinder.* 


Ramsay, 1618. — In 1618, David Ramsay obtained a patent 
for a new engine to plough without horses or oxen, to raise 
water and propel ships without sails; also in 1630, to raise 
water by fire from deep pits, move ships against wind or tide, 
and to fertilize the earth. We have not met with any lucid 
description or sketches of Ramsay’s early ideas of ploughing, 
pumping, or sailing by steam or other motive power. Two out 

* De Caui’s sun-fountains are given, page 228, as illustrating the effect 
of the sun on water in idols. 
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of the three have been fully realized, and Lord Willoughby is 
now ploughing by steam at Grimsthorpe. 


Branca, 1629. — In his mechanical 
treatise, this distinguished physician 
describes a rotatory steam-engine he 
used for grinding his drugs. He gives 
the top of the boiler the form of a 
man’s head with a pipe in his mouth, 
blowing a jet of steam against the 
arms of a wheel D, Fig. No. 65, to 
cause it to rotate on its axis, and by 
the pinion C give motion to the drug 
Branca’s Engine, 1629. machinery. 

A modification of this plan was recently tried at the Surrey 
Docks, with a wheel 11$ feet diameter, making 500 revolutions 
per minute. But the consumption of steam for an equal duty 
being greater with the rotatory than with a piston engine, led 
to its disuse. 

Branca also describes a hot air rotatory engine, driven by 
the heat and smoke collected from a smith’s forge, whereby to 
aid the smith in his operations ; but all these engines he gives 
as the invention of others and not his own. 

Drebbel, 1630. — The sounds emitted by the ancient idols 
are said to have been successfully imitated by Drebbel ; intro- 
ducing a little moisture with the air, their mutual expan- 
sion by the heat of the sun produced a " soft and pleasant 
harmony.” This is closely following some of Hero’s singing- 
birds illustrations, where the expansion of air by heat performs 
a chief part, aided by steam when required. 

Beaumont, 1630. — Wood informs us that this enterprising 
gentleman expended about 30,000/. on introducing tramways 

/ 
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amongst the Newcastle collieries. Their ultimate success 
led to modern railways, now exercising so vast an influence 
over the civilized world by means of the locomotive power 
of steam. This power it is our object to popularly explain ; 
but it will be more generally instructive to' trace the gradual 
improvements of the steam-engine, until the locomotive drops 
in as a young and powerful branch of an ancient family. 

In 1 632, amongst several other inventions, Thomas Grant 
included moving ships without sails ; and in 1 640, Edward 
Ford also proposed to move ships against wind or tide by 
some great power not clearly defined. 

Wilkins, 1 648. — In a contest of wit with the Duchess of New- 
castle, Bishop Wilkins, besides other ingenuities, suggested the 
possibility of flying by “ high pressure ” steam moving large 
wings, which has been more than once attempted in modem 
times. 

Marquis of Worcester, 1651 — 63. — On the fall of Charles 
I. in 1648-9, the Marquis fled to the continent, where he re- 
mained until 1656, when he returned secretly to London for 
Charles II., but was taken and imprisoned in the Tower. At 
the time of his exile, Hero’s treatise had gone through five 
editions, besides the treatises of others already referred to ; and 
when so much attention was directed to motive engines, it was 
likely to arrest the noble exile’s notice when abroad. It is 
probable that from these sources most of his ideas originated, 
as afterwards given in his letter of 1651 to Hartlib, and in his 
hundred inventions of 1656. 

In his writings and prayers, he thanked God for showing 
him “ so great a secret of nature, beneficial to all mankind,” 
yet he studiously withheld from mankind the construction of 
his “ semi-omnipotent power,” leaving it to be considered as 
a steam engine. , 
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When a political prisoner in the Tower of London, this 
celebrated nobleman — after the example, but without the clear 
illustrations of Hero — drew up “ The Century of Inventions.” 
Of these the 68th refers to the steam-engine “ as an admirable, 
most forcible way to drive up water by fire, which hath no 
boundes if the vessels be strong enough.” He also compares 
the force of steam to the bursting of a cannon, evidently then, 
as it still is, a popular expression for a great force. No 
drawings or description of his engine have been found in 
this country; but in 1656, the Duke of Tuscany saw an 
engine lifting water 40 feet high, at Vauxhall. To the per- 
plexity of readers, different au- p IG No. 66. 

thors have differently embo- 
died the Marquis’s description. 

Stuart and Galloway show a 
double De Caus engine, whilst 
Millington andTredgold sketch 
a double Porta’s engine, as in 
Fig. No. 66, where the steam 
from the boiler C passes down 
the pipe D, to expel the water 
from A, whilst O is filling with 
water at L, from the well W. 

The valves all open only one 
way, as in the sun- fountain. 

The cock in D is then shut 
and F opened, that the steam 

may expel the water from O up the central pipe E, whilst it is 
refilling again, and so on alternately to keep “one forcing 
whilst the other is filling,” agreeably to the text. 

The Marquis also proposed to move ships by paddle-wheels 
against the wind or stream ; but it is much to be regretted 
that he left no tangible evidence of his designs, such as is 
done by those preceding him in their illustrated works. 
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Fig. 
No. 67. 



Otto Guericke, 16.54. — This able man records 
some valuable experiments which illustrate the pres- 
sure of air in raising water, or in depressing a pis- 
ton. In Fig. 67, the pressure of the air on the water 
in C is forcing it about 30 feet up the pipe A, pre- 
viously exhausted of air, into the receiver E. If the 
vacuum had been perfect it would, as previously ex- 
plained, have risen nearly 34 feet high. 


Atmo- 
sphere rais- 
ing water. 


Fig. No. 68. 



Man-power of Atmosphere. 


Fig. No. 68 shows the air pressing down the piston P (17 
inches diameter) in the cylinder C, previously exhausted of 
air, into E, whilst a number of men are in vain exerting them- 
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selves to prevent its descent. Fig. No. 69 shows the pressure 
Fig. No. 69. exerted balanced in a 



Weight power of Atmosphere. 


scale by 2686 lbs. The 
area of a 1 7-inch pis- 
ton being nearly 227 
square inches, gives 
1 1 ‘8 lbs. per square 
inch, or nearly the 
same as is obtained in 
a Watts’s condenser. 
If the vacuum had 
been perfect, the pres- 
sure would have been 
14f lbs. per square 
inch. 


Fig. No. 70. 



Kircher’s Engine. 


Kircher, 1656. — Kircher’s illus- 
tration of Porta’s plan might be made 
a pretty little fountain, by receiving 
the falling water in a cistern fitted 
round the stem B, and raised by at- 
mospheric pressure to refill C again, 
as Fig. 70. He also suggested an 
improvement on Branca’s engine, by 
having a blast of steam on each side 
of the wheel at the same time ; and 
his models are highly spoken of as 
the workmanship of a mechanic 
named George De Sepi. 


Jack of Hilton , 1658. — “Jack” is described as an 
artistic selopile, resembling the human figure, with his right 
hand on his head, and his left hand " on pego,” to blow the 

PART II. M 
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fire in Hilton Hall, whilst the Lord of Essington drove a 
goose three times round that fire before it was roasted for the 
Lord of Hilton, celebrated in Godiva procession annals. 

Sir S. Morland, 1670 — 85. This distinguished mechanic 
wrote an essay (now in the British Museum) on the “Weight 
and Measure of Water elevated by Machines.” His plan was 
by alternately filling and emptying two or more cylinders 30 
times (or strokes) per minute. The duty he estimated by the 
weight raised in a given time, as is still done in this country. 
No drawings of his engine have come under our notice, but 


Fig. No. 71. 



Morland 1 8 Engine, 1680. 


Fig. No. 71 embodies the description given of one with two 
cylinders. On steam passing from the boiler B to the 
cylinder C, it expels the water up the central pipe E, while 
A is filling with water from the well W, to be emptied in like 
manner whilst C is filling, and so on alternately. The rela- 
tive volume of steam to water he gives as about 2000, and its 
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force as capable of ,c splitting a cannon but being regulated 
by “ statics and science to measure, weight, and balance,” it 
bears its load peaceably like a good horse, and becomes of great 
use to mankind. 

He gives the following proportions of cylinders, and the 
weight of water they would raise each stroke. We have added 
the height in inches of the water raised equal to the diameter 
of the respective cylinders. 



CYLINDERS. 


WATER 

RAISED EACH STROKE. 





Height in each cylinder. 

No. 

Diara. 

Length. 

lbs. 

Inches. 

1 

1 

2 

15 

3-7 

1 

2 

4 

120 

7-4 

1 

3 

6 

405 

100 

1 

4 

8 

960 

14-7 

1 

5 

10 

1875 

18-3 

1 

6 

12 

3240 

220 

2 

6 

12 

6480 

2210 


and so on to 90 cylinders, each lifting 3240 lbs. or 29 1 ,600 lbs. 
of water raised a considerable height per stroke. There can, 
therefore, be no doubt of Morland’s clear appreciation of the 
nature of steam, and the method of estimating its perform- 
ances. In 1675, he raised water from the Thames 60 feet 
above the top of Windsor Castle, at the rate of 60 barrels per 
hour, by eight men, which gave so much satisfaction, that in 
1681 the King presented him with his medallion portrait set 
in diamonds. 

In 1678, Bushnel proposed to propel ships by oars bound 
together, and the rope ends fastened to the capstan, to be 
wound off and on alternately for each stroke of the oars, as 
afterwards tried by Fitch in 1788 with steam-power. 

Hautefeuille, 1678. — This learned abbe and mechanist 
gave designs of engines for using heat, steam, gunpowder, and 
alcoholic vapour as motive agents. One plan was by direct 
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the wheels and the ball at the same time will be carried the 
contrary way.” This is the first idea of steam locomotion we 
have met with. 

The principle of producing locomotion by the velocity of 
one fluid acting against a fluid comparatively at rest has 
formed the subject of a patent by Allen in 1 724, Rumsey in 
1788, and Gordon in 1845. It was also the plan of Mat- 
thesius’s roasting engine, Hero’s rotatory engine, and various 
other inventions since that time. 

Papin, 1680 — 1707. — This eminent physician and engineer 
proposed to apply steam to various purposes. Amongst others 
to dissolve bones, to throw bombs, to drive machinery, to 
propel ships, and to raise water. In his celebrated “ Steam 
Digester ” for dissolving bones into useful food, he employed 
steam of a temperature equal to melt lead, or about 612°. 
This indicates a pressure of about 1 400 lbs. per square inch, 
which would propel either balls or bombs with very great 
force; for Perkins’s celebrated steam-gun of 1838-9 only 
used steam of 410° Fah., or 450 lbs. pressure per square 
inch. To regulate the force of the steam in the digester he 
invented and employed the steelyard safety-valve C, Fig. No. 
73. The lever C is jointed at one end to the valve seat, and 
the fulcrum is jointed centrally with the safety-valve on which 
it rests. The weight a presses the valve down by the fulcrum 
with more or less force proportioned to its distance from the 
centre of the valve. This valuable invention is still used in 
steam boilers in its original plan, although various similarly- 
loaded levers with shifting weights are shown in Hero’s ancient 
designs. 

In 1687, at Marbourg, Papin constructed an atmospheric 
engine for raising water to drive a wheel, which also worked 
the air-pumps used for producing a vacuum in the long mine 
pipes, below the piston, as in Otto Guericke’s experiments. 

To render the action continuous, two cylinders were joined 
together by a two-way cock, which alternately opened each 
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cylinder with the air-pump and the atmosphere. Each piston 
was connected by a rope to a shaft to give it motion, but the 
ropes were wound round in contrary directions, so that as one 
was raised the other was depressed ; an arrangement adopted 
afterwards by Leupold for high-pressure steam. 

Like that of the late promoters of the atmospheric railway, 
Papin’s difficulty arose from the slowly obtained vacuum and 
leakages, which he failed to overcome. 

His numerous experiments showed him the advantage of 
a good vacuum below the piston, which he sought to obtain 
in various ways ; amongst others, by the explosion of gun- 
powder in the cylinder. This he abandoned as dangerous, and 
proposed to raise the piston by the steam, and then to condense 
it, that the air might depress the piston against a vacuum. 
He did not carry this out, but it was successfully done by 
Newcomen. Savary’s success in England led the Elector of 
Saxony to recommend Papin to abandon his own superior 
proposal, and try Savary’s plan. Fig. No. 73 is an outline of 
the result, which Papin calls the Elector’s Engine. 


Fig No. 73. 
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Steam from the copper boiler B passes by E to the cylinder 
C and presses down the floating piston P, to force the water up 
the pipe I into the cistern M. The cylinder safety-valve was 
then opened to admit the steam to escape, and the water from 
the mine, aided by the air vessel A, refilled the cylinder again.* « 
For driving machinery a water-wheel was added and the cistern 
M made air-tight. The outlet pipe D being smaller than the 
inlet pipe I, the air acting with the water was compressed and 
aided in keeping up a uniform force to turn the wheel H 
and produce a regular rotation. Even down to Smeaton’s and 
Newcomen’s time, this was an approved mode of rotation when 
available. 

Fig. No. 74. 

F?r steam-ships he employed two or more 
cylinders, A B, having racks jointed to the 
piston rods, and arranged to gear alternately 
into the central pinion, P, on the paddle- 
shaft, and produce rotation. Several modi- 
fications of this plan were tried before the 
crank came into general use. 

Papin’s Marine 
Engine. 

Papin first systematically tried to save fuel by improved 
boilers. One form was bent like a syphon, with the fire in 
the short end, and the draught down through the fire, whilst 
the cylinder was fixed on the long end, so that the heat acted 
on it in its passage to the chimney. The fire-bars were, how- 
ever, so quickly destroyed by the intense heat, that it was 
called the “ little volcano,” and probably led Papin to recom- 

* Air vessels are now used with much advantage in the construction 
of pumps for ordinary and locomotive use. 
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mend hot air for reducing mineral ores, as successfully done 
by Nelson in the present century. 

Another boiler was 8 feet by 5 feet, with a tubular flue 24 
feet long by 10 inches square, bent so as to pass four times 
through the water. This gives a heating surface of about 80 
square feet, and led to a saving of about 75 per cent, of the 
fuel then used for ordinary boilers. 

Although an account of this boiler, and other novel machines 
by Papin, was published in 1 695 by Cassell, yet it appears not 
to have been known to Savary or Newcomen, since they used 
inferior boilers for their engines. 

Fig. No. 75 is a sectional view of the useful and ingenious 
two-way cock of Papin, but usually called a four-way cock 
from the four external openings in the outside socket A A. 
The central plug P is fitted steam-tight into the socket A A, 
like an ordinary cock-plug, but has two passages 1, 2, through 
it, which alternately connect each adjoining pair of external 
openings, or shuts them all, as the plug is moved by the handle 
H one-eighth or one-quarter turn. 

Fig. No. 75. For a double-acting steam en- 



gine the passage 8 B leads from 
the boiler below the piston, and 
the passage T C from the top of 
the piston to the condenser, or to 
the atmosphere in high-pressure 
engines. By moving the handle 
H to S the passages are all shut ; 
but when moved on to O, the 
boiler is connected by S T to the 


top of the piston, and the condenser by C B below the pis- 


ton. 


To equalise its wear, Bramah improved its form, and made 
the plug turn quite round within the socket. 

It is thus seen that several important inventions and valu- 
able suggestions, since reduced to practice, are due to Papin. 
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In 1699, boats propelled by revolving oars were tried both 
at Marseilles and at Havre, by M. Daguet, which were fa- 
vourably spoken of. 

Amontoris Hot-air Rotatory Engine, 1699. — This was an 
ingeniously arranged box-wheel, 12 feet diameter, fitted with 
36 air-tigbt cells, of which the 12 inner ones had valves open- 
ing upward only. In the lowest four of these valved cells were 
750 lbs. of water, which was forced up one side by hot air, 
that its unbalanced gravity might give a downward motion to 
the wheel and produce rotation. 

The action was by a tube conveying the hot air from each 
outer cell to each third lower water cell, to force its contents up 
through the valve in rotating, and as the wheel revolved itslowest 
edge passed through water to condense the rarefied air again. 
The fire was placed in a confined channel, to act directly on 
the outer air cells, resembling the position of a breastwater 
wheel ; but instead of the downward water-flow, there was an 
upward hot-air action, yet both produce a similar rotation 
downward by the gravity of water. 

The heat given out to the water by the hot air was thus 
lost, which in Ericsson’s hot-air engine is mostly recovered, 
by exhausting it through wire gauze, and passing the cold 
air through this heated gauze to re-absorb the heat from it. 

Savary, 1698 — 1702. — The great energy displayed by Sa- 
vary in improving and introducing steam-engines added much 
to their popularity in England. His first engines were nearly 
the same as those already described, with the addition of cold 
water poured over the cylinder to produce a more rapid va- 
cuum in it, but which had the bad effect of cooling it each 
stroke. He next improved the steam-admission valves, the 
mode of opening them, and his boilers. 
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Fig. No. 76. 



In Fig. No. 76, the two boilers are connected together 
by the pipe 3, and have gauge-cocks, C C, to ascertain the 
relative height of the water in them. The largest boiler, A, is 
filled from the water-tank T, and the small boiler is supplied 
with steam and hot water from A. The steam-pipes 1, 2, 
from B, convey the steam alternately to the vessels E V, to ex- 
pel the water in them up the central pipe L, as in Morland’s 
engines. When one of these, as E, has been emptied the cock 
F is opened by the handle G, and cold water poured over the 
vessel to condense the steam in it, and in like manner with V. 
The handle H conveniently regulates the steam-valves, and G 
the injection-cocks. One of Papin’s safety-valves, D, regulated 
the force of the steam in the boilers. 

It is related that Savary accidentally discovered the force 
and condensation of steam from a wine-flask — not quite empty 
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— being thrown on a fire and producing steam, when he took it 
off the fire and immersed its mouth below cold water, which 
condensed the steam and filled the flask by atmospheric 
pressure. 

The labours of Worcester, Morland, and others in England, 
had so publicly shown the capabilities of steam, that in all 
probability Savary was fully aware of its force ; but such an in- 
cident might suggest the mode of condensation he adopted, 
and which, applied internally, still exists. 

Savary states : — " My engine raises a full bore of water 60 or 
70 feet high, and, if strong enough, I would raise you water 
500 or 1000 feet high.” 

Only in the improved boiler and valve arrangements do 
Savary’ s engines exceed the idolatrous one, since the action of 
both is similar in passing from the boiler to two separate ves- 
sels, and expelling their contents out by other pipes. 

Savary also proposed to propel ships by paddle-wheels 
worked by the capstan and suitable connecting ropes, which 
the Lords of the Admiralty referred to their surveyor, Mr. 
Dummer, who, like Sir W. Symonds in 1837, on Ericsson’s 
screw-propeller, reported against Savary. Still unsatisfied, he 
persevered, until one of the commissioners thus faithfully 
expressed the sentiments of many in authority besides Go- 
vernment officials : “ What business have interloping people, 
that have no concern with us, to pretend to contrive or invent 
anything for us ? ” 

? * Newcomen’s Atmospheric Engine, 1705 — 1720. — The ex- 
ertions of Papin and Savary to bring the steam-engine 
into general use for draining mines stimulated others on 
in the same path, and amongst these Newcomen, a country 
blacksmith, honourably distinguished himself by his decided 
improvements on the steam-engine. Hitherto the air had only 
been used to fill the water-vessels, but on the principle, so 
clearly laid down by Otto Guericke, Newcomen employed the 
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air to perform the principal duty, and steam only as an aux- 
iliary. He also introduced the beam or balance lever, D E, 
Fig. No. 77, freely suspended on its centre, B. The piston P 


Fig. No. 77. 



was kept tight by a little water on its upper surface from the 
tank T, and was attached by a rod and chain to D, whilst a 
common lifting-pump M, leading to the mine, was attached to 
the end E. The cylinder was placed over the boiler F, and as 
the steam raised the piston, the counterpoise weight I lowered 
the pump-rod and bucket down through the water. The in- 
jection-cock L is then opened, and water admitted to condense 
the steam in the cylinder. The air passed out by V, and the 
condensed steam and injection water by the pipe Q, to the 
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hot well W. Watt’s principal improvement consisted in 
placing his condenser in the position of the hot well, and con- 
densing the steam there in place of in the cylinder. By thus 
condensing the steam below the piston, Newcomen obtained a 
good vacuum, and the pressure of the air on the piston forced 
it and that end of the beam down, whilst the elevation of the 
other end raised the water from the mine. Steam was there- 
fore only employed to raise the piston, and air to do the duly. 

At first, Newcomen adopted Savary’s plan of external con- 
densation, but a faulty cylinder having admitted water inter- 
nally, the condensation was more rapid, with increased effect 
from the engine. Since that discovery, internal injection has 
generally but not always been adopted. 

The various cocks and valves were all opened by hand until 
Potter, a young lad attending one of the engines, ingeniously 
connected them to the beam by strings and catches, so as to 
open them with much regularity. Improved connections suc- 
ceeded his temporary ones ; still to Potter the credit is due of 
introducing the self-acting hand-gear. 

The beam, the pump, internal condensation, and self-action 
were important additions to the previous steam-engines, 
earning for Newcomen and his assistants a well-deserved 
fame. We rejoice, therefore, to observe that it is intended to 
raise a suitable memorial for him in his native locality. 

Desaguliers, 1 717, 1 718. — This learned doctor gave his pre- 
ference to Savary’s engines, and states that one erected at 
Petersburgh raised 2520 lbs. of water 40 ft. high per minute ; 
and that another raised water 53 ft. high when making six 
strokes per minute, but only 35 ft. high when making nine 
strokes per minute. He also contended that they were more 
economical and effective than Newcomen’s ; stating that one 
of his engines, which cost 80/., raised 370 lbs. of water 38 ft. 
high, while one of Newcomen’s, which cost 300/., only raised 
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Fig. No. 78. 150 lbs. per minute. Fig. No. 78 

is an outline of Desaguliers’ engine 
with its improved arrangement of 
boiler-flues; B the boiler, W the 
water, M the pipe to the mine. The 
action is similar to Savary’s, but 
single acting. 

Desaguliers’ comparative state- 
ment merits some notice, since there 
was a constant loss of heat and time 
from Newcomen’s chilled cylinders, 
amounting to about 30 per cent, of 
the whole steam generated. This 
source of loss would be little felt in 
Desaffuliers, 1717. Desaguliers’, since water only slowly 
absorbs heat downwards. The following experiment, made by 
Goldsworthy Gurney, Esq., in September, 1850, at Westmin- 
ster, in presence of several engineers, bears on these points, 
and may be instructive. Steam of 20 lbs. pressure above the 
atmosphere was alternately admitted in contact with cold water 
in the boiler-feeder A F, and in contact with air between the 
Fig. No. 79. steam and cold water. Fig. No. 




79 is a sketch of the boiler and 
feeder on which the experiment 
was made. It is used by Mr. 
Gurney for his steam-jet plan of 
ventilation in the law courts, so 
highly spoken of in the House 
of Lords. As no machinery was 
required, the boiler was supplied 
by water without a pump. The 
water-feeder, A, W, S, was con- 
nected to the boiler by the pipe B, 
and to an elevated water-cistern by 
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the pipe D. When it was filled D was shut, and B and C opened, 
that the steam might pass to the top of the water, and balance 
upward pressure below in B. The water then descends by 
its own gravity into the boiler. 

When this feeder was partially filled with cold water, then 
air, then steam, cut off from the boiler at C, the air appeared 
to slowly absorb heat from the steam ; but when the air was 
expelled at G, and the steam remained in contact with the 
water, no perceptible absorption of heat from the steam took 
place. Even after this isolated steam had remained ten or twelve 
minutes in contact with the cold water, it blew off at G with 
much force. It was the difficulty of quickly condensing the 
steam which had done its duty, and not the condensation of 
the steam forcing the water, which retarded the action of these 
engines. Internal condensation was more rapid, but entailed 
the loss from a chilled cylinder each stroke. Besides, the un- 
broken surface of water rising up slowly against the steam 
would compress it and increase its force, as it does in the 
“ back pressure” of a locomotive engine. Forcibly injecting 
broken water like rain amongst steam is a very different pro- 
cess, yet requires eleven times (or more, according to tem- 
perature) as much water to condense the steam as to gene- 
rate it. 

Brighton, 1718. — Potter’s hand-gear was still further im- 
proved by Beighton, so as to open and shut all the valves and 
cocks with much precision. He also widened the top of the 
cylinder to prevent the water on the piston flowing off, and 
conveyed it by pipes to the boiler, or hot well, as it became 
hot. The action and arrangements of cylinder, beam, and 
pump were similar to Newcomen’s. 

• 

Leupold, 1720. — Leupold recalled attention to high-pres- 
sure steam-engines by a very simple yet effective double-acting 
engine, Fig. No. 80. The steam generated in B passes alter- 
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nately by the two-way cock I, to Fig. No. 80. 
the cylinders C C, and raises the 
pistons connected to two beams 
which work the lifting-pumps P P, 
as in Newcomen’s plan. A turn 
of the cock opens a passage for 
the steam to the atmosphere from 
one cylinder, and from the boiler 
to the other cylinder at the same 
time. The piston end of the beams 
are heaviest, to balance the weight 
of the pumps, that the pistons may 
descend by their own gravity. 

This is given by Leupold as an improvement on Papin’s 
atmospheric engine, similarly arranged. 

Newcomen raised the water by atmospheric pressure during 
the downward stroke, but Leupold did so by steam pressure 
during the upward stroke of the piston, and the simplicity of 
this engine has rarely been surpassed. 

Leupold also proposed an improved form of Amanton’s hot- 
air rotatory, by using tubes instead of valves to connect the 
water-cells, which were also placed much nearer the periphery 
of the wheel to give greater effect to the raised water. 

In 1724, John Dicken, and in 1729, John Allen, proposed 
engines to raise water, or move mills and ships. Allen’s ship- 
propeller was by a jet of water or other fluid forced through 
the stern of the vessel below the surface of the water, whose 
resistance moved the vessel in a contrary direction, as in Sir 
Isaac Newton’s locomotive-engine. This idea has been since 
tried by Fitch, in 1788, with water, and by Mr. Gordon, in 
J 846, by hot air, on the Thames. 

Allen expressed his decided opinion in favour of a steam 
propeller of some sort as preferable to paddle-wheels, and more 
of the nature of the fish-tail propulsion. 

To economise fuel with rapid generation of the steam, Allen 
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proposed a fire-box boiler with a spiral flue through the water, 
and a bellows blast, to urge the “ sluggish vapour” through 
the tube, as was done in Ericsson’s Novelty Locomotive of 
1829. 

Gensanne, 1 730. — By the gravity of water and the impulse 
of a falling weight, Gensanne made the steam-valve and injec- 
tion-cock self-acting. On each end of a lever fitted to the 
water-cistern were water-buckets with a valve in the bottom, 
and in the cistern were also valves which the buckets opened, 
so that as one bucket was filled and descended by its gravity 
the other was emptied and ascended. 

The bucket-valve was opened by the gab or fork of a bell- 
crank lever, which had a weight on its vertical end, and on 
beginning to ascend, the weight, or “ tumbling-bob,” was set 
at liberty, and the fork gave a smart jerk to the ascending 
levers. 

The motion thus obtained was conveyed by another lever 
and parallel side-rods to open the valve by a gab or fork, and 
the injection-cock by a slotted lever, at the proper times. This 
is the first “gab” motion we have met with for working 
valves. 

M. de Moura also constructed another self-acting apparatus 
of this class, but using a floating copper ball to give a motion 
outside corresponding to the rise and fall of the water in the 
receiving-cistern. 

Jonathan Hulls, 1736. — We have seen that various modes 
of propelling ships by paddle-wheels or revolving oars had 
been proposed, using steam or other power to move them. 
In 1736, Hulls made a vigorous effort to apply a single- 
acting steam-engine to propel ships. This plan was to 
produce rotation by ratchet-wheels aided by a weight, where- 
by to move a central paddle-wheel in deep water, or two 
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poles alternately thrust against the ground by a double-crank 
axle in shallow water. As the ratchet motion was much used 
until superseded by the crank, fly-wheel, and double-acting 
cylinder, its action will be explained by its modern adaptation 
to a very useful boring-brace in all confined corners, where a 
cranked-handled brace could not be turned round. 


Fig. No. 81 



The ratchet-wheel A, Fig. No. 81, is fixed on the boring- 
spindle B. The detent or catch C is jointed to the handle D, 
and kept against the ratchet by the spring E. The handle 
moves freely round B towards A, without moving it, in the 
direction of the angle of the ratchet teeth, as the detent has 
no bite ; but when moved in the contrary direction, the detent 
acts directly against the teeth, and carries round the ratchet 
and drill with it about one quarter revolution to F. The 
handle is then moved back to obtain another bite, and so on 
consecutively, but losing as much time in stopping as in 
rotating. 

Now two handles with detents moved alternately would 
produce continuous rotation, and on this principle Hulls, Was- 
borough, and others obtained rotation from a single-acting 
cylinder. Fig. No. 82, shows Hulls’ plan. A, the steam 
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cylinder, whose piston is con- 
nected by a rope to the central 
pulley on B, and the two end 
pulleys by other ropes to the 
loose pulleys, 3, 4, on the pad- 
dle-wheel shaft, on which are 
fixed the ratchet-wheels, 1, 2, 
into which the loose wheel de- 
tents fall similar to the ratchet 
brace. As the air forces down 
the piston it moves B round 
one-quarter turn, and with it 
the paddle-shaft by means of 
the pulley 4, and ratchet 1. 

Steam is then admitted to raise 
the piston, when the weight W works round the pulley 3, 
and ratchet 2, to keep up the rotation of the paddle-shaft. In 
shallow water the cranked axle and pole 5, 6, were substituted 
for the paddle-wheel. 

1739 — 1760. — In 1739, Belidor wrote a history of the 
steam-engine; and in 1741 Payne investigated the density of 
steam with considerable accuracy. 

His spherical balloon-shaped steam-generator rested on 
its point, and had a vertical rotatory tube, through which 
water ascended to a horizontal tube above the generator, from 
whose ends it dropped on the top of the hot generator to pro- 
duce spheroidal steam, — a plan again revived. 

Experiments made at Newcastle and at Wednesbury are 
said to have realized the then 'high evaporation of 8 lbs. of 
water by 1 lb. of coals. 

In 1740, Dr. Hale suggested and Fitzgerald tried to intro- 
duce air into steam boilers to promote economy, but their bel- 
lows were not sufficiently powerful to overcome the resistance 
of the steam. 


Fig. No. 82 . 



Digitized by Google 



260 BLAKE, BERNOUILLI, EMERSON, BRINDLEY, &C. 


In 1845, Mr. Wilkinson, and more recently Dr. Houston, 
have both patented modifications of this plan of combining air 
and steam to work an engine. 

In 1751, Blake discussed the proportion of cylinders. In 
1752, Bernouilli proposed an angular ship propeller on the 
principle of wind-mill vanes, to be driven by steam or other 
power: and in 1758, Emerson investigated the construc- 
tion of steam-engines. In 1759, Brindley proposed stone 
and wood boilers, with cast-iron fireplaces and flue-tubes, to 
prevent loss of heat by external radiation. The bottom was of 
stone, and the sides and top of wood. Others were of stone 
or bricks, cemented together. From the internal fire copper 
tubes passed through the water to the chimney, as in modern 
locomotive boilers. 

In 1757, as part of an improved plan of Papin’s rotation by 
racks and pinions, Fitzgerald added the fly-wheel, which now 
forms a prominent part of fixed engines. To make it effec- 
tive in regulating the velocity of the engine, it is made with 
Fig. No. 83. light arms and a heavy rim, E 

F, that it may absorb power 
when the piston is at its greatest 
velocity, and give out its accu- 
mulated centrifugal force to 
continue the rotation when the 
piston has no velocity, at each 
turning point of its stroke. For 
instance, a stone swung round 
in a sling acquires a force which 
propels it beyond the limit 
which one unaided muscular 
effort of the hand and arm would have done ; so, in like man- 
ner, the fly-wheel accumulates a force which continues the 
motion of the machinery when the piston itself could not do 
so. C D the engine beam, A B the sun and planet motion. 

In 1 769, Genevas proposed a compressed spring propeller 
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for naval locomotion, and a “ winged cart ” for land locomo- 
tion, which has been practically tried more than once during 
the present century. 


Dr. Black, 1/62. — The properties of heat and steam were 
ably investigated by Dr. Black, who propounded the well-known 
doctrine of latent heat. A modern instance has been discussed 
of the extent to which the term “latent” is popularly used oc- 
cured at the recent trial of the Midland Railway Company’s 
servants, on account of a fatal accident. In answer to counsel, 
the Company’s foreman stated his inability to speak positively 
to the condition of the piston, as it was “ * latent ’ in the cy- 
linder.” On being asked what he meant by “ latent,” he re- 
plied, that if the learned counsel would place his papers 
inside his hat, on his head, he should say the papers were 
“ latent” in the hat. In this sense the heat in steam may be 
called “ latent,” although known to be there in a diffused state. 


Blakey, 1/66. — Blakey introduced tubular boilers, con- 
taining the water in the small tubes, a a a, Fig. No. 84, 
round which the flame and hot gases passed to the chimney. 

To keep the steam cylinder hot, he added an upper one, D, 
and employed air or oil as a piston between the water in E and 
steam in D. The rise and fall of the water in E he ingeni- 
ously arranged to open and shut the necessary cocks. The 
action was by admitting steam into D, which by its pressure 
on the aerial or oily piston forced the water out of E up the 
pipe F, and E was filled again from the well, as in Sa vary’s 
engine. 

This tubular idea of boilers has been successfully carried 
out, sometimes with the water surrounding the tubes as in 
locomotive boilers, or by having the water in the tubes as in 
Woolfe’s, Gurney’s, or Alban’s boilers. 
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BLAKEY, SMEATON. 


Fig. No. 84. 



Smeaton, 1 765. — The careful experiments made by this 
celebrated engineer reduced the performances of the steam- 
engine to the weight and measure suggested by Morland. 

His experimental engine of one-horse power evaporated 
6£ lbs. of water by 1 lb. of coals, and required nearly 1 1 
times more water for condensing than for generating the steam. 
It produced the greatest effect with a pressure of about 8 lbs. 
above the atmosphere. He also determined the relative steam- 
ing value of different coals, as given in p. 98, Vol. I. 

This information enabled him to improve the various de- 
tails of the atmospheric engine and its boiler, which he adapt- 
ed for portable as well as for fixed duty. One of them, erected 
at Long Benton (Northumberland) in 1772, realized a duty of 
lifting 1 12,500 lbs. of water one foot high by 1 lb. of coals. 
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In 1775 he erected a very large one at Chacewater, having a 


Fig. No. 85. 



cylinder of 6 feet diameter and 10| feet stroke. The beam 
D was made of twenty pieces of timber strongly bolted to- 
gether. The cylinder C was firmly fixed to the side beams 
1, 2, as well as on its end supports on the boiler B. The 
mine pump was attached to the rod R, and another pump S 
raised water to the cistern I, from condensation by injection 
into the cylinder. The rod V worked the steam and injection- 
valves. 

The action of the engine was the same as in Newcomen’s, 
air being the principal motive power. 

In some of his boilers Smeaton inclosed the fire, and sup- 
plied the fuel by a feeding-tube, with the then good results of 
7*88 lbs. of water evaporated by lib. of coals. 
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Cugnot, 1763 — 1771. — In 1763 this French engineer made 
a model of a steam locomotive, and in 1770 the French govern- 
ment had one constructed at the Paris arsenal, tried in 1771, 
and then laid aside. Through the favour of Monsieur Morin, 
Director-General of the Conservatoire of Arts and Machinery 
in Paris, illustrations of this first piston locomotive engine 
practically tried will be given in the next chapter. 

The piston rods worked downwards, as afterwards adopted 
in Cornwall by Bull, to evade Watt’s patent, and now in pen- 
dulous engines by various makers. 

The inventor became reduced to poverty, and had a small 
pension from government ; but the revolution stopped this, and 
a humane lady of Brussels relieved him until Napoleon granted 
him a larger pension than he had lost, but still only about A2L 
yearly. 

Watt, 1762 — 1800. — This very distinguished mechanical 
engineer was born at Greenock, in 1730, and died at his resi- 
dence near Birmingham in 1819, after a long life spent in 
adding immensely to his country’s resources. At Glasgow he 
became early acquainted with Dr. Robison, who, in 1759, 
suggested to Watt the application of steam to propel wheeled 
carriages. Like the earlier idea of Sir Isaac Newton, that 
steam could be made to produce locomotion, this suggestion 
was not practically followed up. The value of Britain’s 
mineral produce rendered the application of steam to clear 
mines of water a more immediately interesting subject, 
to which Watt directed all his energies, with a success 
which astonished the world ; the leading defect of New- 
comen’s engine, as improved by Smeaton, was the loss of heat 
arising from condensing the steam in the working cylinder. 
By careful experiments it was found that this loss amounted 
to about 32 per cent. ; the steam being condensed in re- 
heating the cylinder each stroke, besides the loss of time in 
doing so. In this state Watt found the steam-engine, and by 
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his vast improvements stamped his name upon it as if it had 
been his own original invention. 

On models of Papin’s high-pressure and Newcomen’s low- 
pressure engines he tried several experiments, which from 
apprehension of danger from high-pressure steam, determined 
him in favour of low-pressure engines. 

This opinion still largely but unfairly influences society, as 
is evident by the success of high-pressure locomotives on rail- 
ways working with steam from 80 lbs. to 130 lbs. pressure 
per square inch. 

After several trials on condensing the steam in another 
vessel connected with the cylinder, in 1769 Watt patented 
the addition of a separate condenser, C, Fig. No. 86, to New- 
comen’s engine. The condensed steam, injected water and 
Fig. No. 86. 



Watt, 1769. 


PART II. N 
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watt’s engine and 


air were withdrawn from the condenser C, through a foot 
valve, by the air-pump A, to the hot well, from which a 
feed pump supplied the boiler B. The pump II supplied the 
condensing water to the cistern, in which the air-pump and 
condenser are fixed. The conical steam-valve 1, the equi- 
librium passage-valve 2, the condenser passage-valve 3, and the 
injection-cock 4, were all opened and shut by suitable levers 
worked by the air-pump rod. To maintain the temperature 
of the cylinder equal to that of the steam. Watt closed its 
top with a cover, having a central stuffing-box through which 
the piston rod worked steam-tight. He also surrounded it 
with a “jacket” of wood or other non-conducting material, 
having steam between the jacket and cylinder. The air 
being thus excluded from the cylinder, the steam had to 
perform the duty done by the air in Newcomen’s engine. The 
steam, therefore, entered by the top valve 1, to press down 
the piston and raise the water from the mine by the pump M, 
and to the boiler and injection-cistern by their pumps. The 
equilibrium passage-valve 2 was then opened, that the steam 
might pass to both sides of the piston, and the counterpoise 
weight W raise it and the air-piston to the tops of their respec- 
tive cylinders again. The equilibrium passage- valve 2 was then 
shut, and the steam- valve 1, condenser passage-valve 3, and 
injection-cock all opened, that the steam below the piston 
might pass to the condenser, and steam from the boiler to force 
down the piston again, as seen in the figure. The air-pump 
kept a vacuum in the condenser equal to about 1 2 lbs. pres- 
sure per square inch, which with rapid condensation and a 
hot cylinder saved the 32 per cent, lost by condensing in the 
cylinder, besides the gain in time — a very important step in 
advance of previous engines. Still this engine was only single- 
acting, that is, giving out power during the downward, but 
none during the upward stroke of the piston. 

Watt also proposed a rotatory engine, by having a piston 
working round a circular channel connected with the boiler 
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and condenser, with valves which were opened and shut by 
the steam and piston ; but the valves were found to fail, and 
the piston to be injured in passing over the ports. Another 
plan was, by causing the steam to raise water through valves, 
as in Amonton’s hot-air rotatory, but it was found to give out 
only a limited power. The double-acting cylinder was then 
invented, as supplying much of what was sought for by the 
rotatory class of engines. 


Fig. No. 87. 


Fig. No. 88. Fig. No. 89. 
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Murdoch’s slide valve. 


By making the equilibrium-passage a steam-pipe or chest to 
admit steam alternately above and below the piston, with 
equal facility of escape to the condenser, in 1782 Watt made 
the steam both raise and force down the piston, thereby giving 
out power in both directions. This judicious improvement 
constitutes the double-acting engine. Fig. 87 is a sectional 
view of a double-acting cylinder, having the steam entering at 
S and passing by b below the piston, and. the condenser pas- 
sage a e open to the top of the piston. 

In Fig. No. 88 the steam-passage is open by a to the upper 
side of the piston, and the condenser-passage by b from below 
the piston. The conical valves, as in Fig. No. 86, worked 
from the beam, opened and closed the steam- passages until 
Murdock, one of Watt’s able assistants, introduced the eccen- 
tric motion and longD slide-valve in 1799. 

Figs. 89 and 90 are sections of the long D slide-valve. The 
flat faces h i slide over the cylinder steam-passages a b, alter- 
nately opening them to the cylinder, and from the cylinder to 
the condenser. The convex stuffed faces k k press slightly 
against the steam-cheat cover to keep the faces h i steam-tight 
over the passages or “ ports” (as they are called) leading to 
the cylinder. 

Whilst the single-acting force was downward, a chain con- 
veniently connected the piston rod to the beam, but as a 
flexible chain could not communicate upward motion. Watt 
tried a racked piston-rod worked by a toothed sector on the 
beam end. This proving noisy, and being easily deranged, in 
1784 he patented the beautiful arrangement of levers, called 
the parallel motion, whereby to connect the vertical motion of 
the piston-rod to the circular motion of the end of the beam. 
By making A E and C D, Fig. No. 91, of equal lengths, but 
moving in opposite fixed centres, A C, the convexity of their 
equal curves would be opposite each other, when the centres 
A C were in the same plane. 
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On connecting them together by the link E D, its centre 
would move nearly in a right line. Another nearly vertical 


Fig. No. 91. 



Watt’s Parallel Motion. 


point is obtained by making B F equal to E D, and D F to B D. 
The centres of E D and B F would then move parallel to each 
other, but as B is a greater distance from the centre of motion, 
A, than E is, it would move through a greater height. 

In practice, the radius rod centre, C, is fixed near the line 
of the piston-rod, and the length of B F below the plane of A, 
that the links may be arranged to make F d the neutral points 
of the opposite curves. 

The piston-rod is usually attached to the point F, and the 
air-pump rod to the point d, but the points may be varied ac- 
cording to the stroke required. 

Parallel motions for beam engines, more geometrically accu- 
rate but also more complex than Watt’s, have been proposed 
and some of them tried, but failed to compete with it for sim- 
plicity and durability. To guard against irregular generation 
of steam affecting the motion of the engine. Watt introduced 
the throttle valve, worked by the governor previously em- 
ployed in corn mills to regulate the velocity of the stones. 
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•watt’s governor and 


In Fig. No. 92 the vertical shaft D is connected directly 
by the pulley A B to the fly-wheel shaft, that their velocities 
may he proportional to each other. The halls I I are jointed 
to D at II, and by the short levers F F to the sliding socket 


Fig. No. 92. 



H. The lever E N moves on its centre L, and connects the 
sliding-socket H to the throttle-valve T in the steam pipe M. 
When the velocity of the engine increases, the balls recede from 
each other in the guides G G as they accumulate centrifugal 
power, and draw down the socket H, which by the lever E 
partially closes the valve, as in the figure, and checks the flow 
of steam to the cylinder. When the velocity of the engine 
decreases, the balls approach each other and raise K as they 
give out their acquired power, which opens the throttle-valve 
.for a free admission of steam to the cylinder. 
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Fig. No. 93. 


Another form is by connecting the balls to 
the upper part of the vertical shaft, A a. Fig. 

No. 93, with the sliding-socket, S, below. 

Single links, g g, then connect S with the 
balls, and bevel gear, C G, either at the top 
or below, connect the governor with the fly- 
wheel. The action of the governor is both 
delicate and good. 

Governor. 

Combined with Fitzgerald’s fly-wheel, these admirable in- 
ventions made the steam-engine so regular in its movements, 
that it became very desirable to apply it to give motion to 
machinery. Papin, Hulls, Masborough, Watt, and others, 
had all given more or less attention to convert its reciprocation 
into rotation, with no better result than the ratchet rotation, 
when James Pickard solved the problem in 1 780 by applying 
the crank and connecting-rod to the steam-engine. He after- 
wards entered into partnership with Wasborough of Bristol, 
and several engines were erected under Pickard’s patent. 

Watt, however, complained that the crank was a part of his 
design, unfairly obtained through one of his workmen, but 
rather than cause litigation he invented and used the sun and 
planet rotatory motion during the existence of Pickard’s 
patent, which rendered it of comparatively little value to the 
patentee, although a valuable arrangement. 



The peculiar action of the sun and pla- 
net motion is deserving of notice. The 
sun wheel A, Fig. No. 94, is fixed on 
the fly-wheel shaft, and the planet wheel 
B is attached to the connecting rod C 
leading to the beam. A separate link, 
D, connects the wheels A B of equal 
diameter and teeth together, that they 


Fig. No. 94. 
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may be in gear at all parts of their revolution. Planet- 
like, the wheel B revolves round the central wheel A, and 
as the centre of B’s circuit is the periphery or circum- 
ference of A, the ratio of the diameters of their respective 
circles of revolution is as 2 to 1 . Hence the sun wheel re- 
volves twice round its own axis whilst the planet wheel revolves 
once round the sun wheel. 

This is an advantage not possessed by the crank for work- 
ing with a slow motion of the piston and light fly-wheel. 
The crank is, however, more simple and durable, which has 
led to its general adoption for converting reciprocating into 
rotatory motion. 

After the first successful application of steam-engines to 
machinery, more graceful forms and superior finish were given 
to the various parts by Watt, until the steam-engine became a 
beautiful as well as a useful machine. 

Little alteration either in the action or details of condens- 
ing beam-engines has taken place since Watt’s time. It may 
however be remarked, that one of his best engines applied to 
Mr. Lacy’s flour-mill, at Birmingham, was found to produce 
more coarse flour in grinding wheat than was done by water 
power. This irregularity of motion was cleverlyremedied by Mr. 

Fig. No. 95. Buckle, one of Watt’s pupils, and 

now of the Mint, London. To the 
fly-wheel shaft. A, by means of 
the toothed wheels, B C, and lever 
D E, he connected an atmospheric 
cylinder, F. The wheel B had 
twice the number of teeth in C, 
that their revolutions might be made in equal times. When 
the velocity of the engine tended to increase, it had to raise 
the piston, P, against the air, but when the velocity tended to 
decrease, the pressing the air on P gave out power to B. This 
greatly improved the regular action of the engine, and secured 
the desired end of increasing the proportion of fine flour. 

Small engines dispense with the beam and use fixed guides 
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for the parallel motion. They are variously arranged accord- 
ing to taste or the duty required, but are all double-acting and 
alike as regards the action of the steam. Boilers have varied 
and still vary considerably. Newcomen and Smeaton em- 
ployed a circular form with a convex top like a hay-cock, but 
Watt adopted a form resembling a covered waggon, from 
which it took its name. By improved flue and other arrange- 
ments the evaporation was increased to 8'6 lbs. of water by 
1 lb. of coals, or 9‘4 per cent, more than Smeaton’s.* 

Fig. No. 96 is a transverse, and Fig. No. 97 a longitudinal 
section of a waggon boiler, with its modern self-acting feed- 
ing apparatus. One mode of feeding a high-pressure boiler 
without a pump has been explained by Fig. No. 79, and the 
plan of feeding a low-pressure boiler by its own action with- 
out a pump now claims our attention. The principle is by a 
column of water equal in weight to balance the pressure of the 
steam in the boiler. As has been shown, a column of water 
34 feet high has a pressure of 14| lbs. per square inch, which 
gives 2 3 feet high for each 1 lb. of pressure in the boiler above 
the atmosphere, or 23 feet for 10 lbs. pressure, besides the 
allowance necessary in practice. At the top of this columnal 
pipe l, and between it and the water cistern, a valve k is fitted, 
and kept in its seat by the weight w, whilst the other end of 
the lever v is connected to the stone float m in the boiler. 

* It may be mentioned here, that in 1782, Mr. Achard, and in 1790, 
M. Bettancourt, investigated the comparative properties of the vapours 
from water, and from alcohol. 

In 1790, M. Pronig wrote on the steam-engine, on the force of steam 
of different temperatures, and on combustion. 

In 1793, Mr. Curr had an engine constructed on Savary’s plan, which 
raised 120,000 lbs. of water one foot high by 1 lb. of coals, or about 
one-half of what Watt’s engine did. 

In 1795, Mr. Banks wrote on the useful effect of atmospheric engines ; 
and in 1803, on the strength of the parts of engines. 

In 1797, Mr. Curr gave the proportions fora 61-inch cylinder engine, 
capable of lifting 130,000 lbs. one foot high, by 1 lb. of coals; and in 
1801, Mr. Dalton published tables of the force of steam of different tem- 
peratures, which with Mr. Southeron’s steam tables, have only recently 
been superseded by those of M. Regnault, of France. 

N 3 
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WATT 8 WAGGON BOILER 


Fig. No. 96. 


Waggon Boiler — Transverse Section. 
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When the water falls low the float follows it and opens the 
valve k to admit water, but when the water raises the float the 
tension on v is relieved, and the valve k is closed by w to 
exclude the water. The water in the boiler is thus made to 
regulate its own supply. The flue dampers is also ingeniously 
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watt’s boiler, glass gauge. 



worked by the float o, in the column of water in l, passing by 
a line over the pulleys q q to the damper. The height of the 
water in l depending upon the pressure in the boiler, when 
that pressure increases and raises the water the damper falls 
and partially shuts the flue to check the draught on the fire ; 
but if the steam pressure decrease, the water falls and the 
damper is raised to increase the draught and combustion. 
Two steelyard safety valves g, h, i, p, and x, y, z, regulate the 
pressure in the boiler, e, e, the gauge-cocks. S. the steam- 
pipe leading to the engine. 

Fig. No. 98 is a perspective view of the complete self- 
Fig. No. 98. 
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acting waggon boiler, partly in section to show the water, 
fire-grate, and construction. To the left is shown a mercurial 
syphon gauge, and a glass gauge is also now usually placed in 
front to show by sight the height of the water in the boiler. 

Fig. No. 99 is a glass gauge employed 
both on locomotive and stationary boilers, 
that the height of the water may be seen. 
a a, two stuffing- sockets, into which the 
glass tube is fitted steam-tight. It is con- 
nected to the front of the boiler by the 
cocks r r, and the cock s is for blowing 
through the tube or clearing it. The lower 
cock admits the water, and the upper one 
the steam, that their relative position may 
be the same in the tube as in the boiler. 

The water should always be some height in 
the glass tube, and at a recent fatal accident 
at Bristol the witnesses remarked that the 
boiler was out of gauge, signifying that the 
water could not be seen in the glass. This 
is a dangerous state, requiring careful but instant precaution 
to be taken to prevent an accident. 

In 1776 Watt introduced the expansive action of steam cut 
off from the boiler, at Soho and other places. He calculated 
that when cut off at half-stroke the performance would he as 
I '7, at one-quarter stroke as 2‘4, and at one-seventh stroke as 
3 in economy as compared with admitting steam during the 
whole length of the stroke. In 1778 one of them was erected 
at Shadwell water-works, and in 1781 Hornblower patented 
the same principle, but expanded the steam in a second 
cylinder, which led Watt to patent his single-cylinder plan of 
expansion in 1782. The advantages and comparative merits 
of these plans have been illustrated under the head of the ex- 
pansive force of steam, showing the practical result in favour 
of Hornblower, although the absolute power given out is in 
favour of Watt’s single-cylinder plan. 


Fig. No. 99. 
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A locomotive engine and a steam indicator were also amongst 
Watt’s inventions, and will be described under their respective 
heads. The indicator is said to have been suggested by his 
assistant, Mr. Douglas. 

We have pointed out that the generation of steam and its 
economical employment were two distinct processes, each re- 
quiring to be duly attended to. This is very clearly shown in 
Watt’s success, and also in the more recent corresponding suc- 
cess over Watt’s engines. His first double-acting engine, 
erected at Albion-mills, London, realized a duty equal to rais- 
ing 229,971 lbs. 1 foot high, or rather more than double 
Smeaton’s Long Benton engine. Yet there was barely 10 per 
cent, of this gained by Watt’s boiler, leaving 90 per cent, due 
to the more economical application of the steam after it was 
generated. 

With such able rivals as Smeaton, Homblower, Trevithick, 
Bramah, Wasborough, and others, often disputing the validity 
of his patents, or seeking to evade them, Watt’s ultimate suc- 
cess has imperishably associated him with the steam-engine. 

It should not however be forgotten, that but for the business 
habits and ample fortune of Boulton, his partner Watt could 
not have maintained a struggle which involved an expenditure 
of about 78,000J. to defend his patent rights and introduce 
his engines before any profit was realized. This enormous 
expenditure led to a renewal of his patents by the Privy 
Council. 

For an elaborate description and engravings of Watt’s im- 
proved engine and modern examples, see the 3rd edition of 
Tredgold on the Steam Engine. 

1774 — 1800. — During the time that Watt was carrying out 
his steam-engine improvements other engineers were also en- 
gaged in the same field, both in France, in America, and in 
Great Britain, some of which will be noticed. 

In 1774, Compte Auxeim and Perrier, of France, constructed 
and tried a paddle-wheel steam-boat, but did not persevere 
with it. In 1776, Bushnell, of America, proposed a screw 
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propeller for ships, which gave them a backward or forward 
motion, by reversing the revolution of the screw. 

In 1776, Wasborougb, of Bristol, a rival of Watt, proposed 
to propel ships, raise water, or drive mills, by steam-engines 
with a ratchet-wheel rotation. 

This enterprising engineer erected several of this class of 
high-pressure engines, and in 1781 was desired to fit one up at 
Deptford for the government, where soon after Watt appeared 
as a competitor, and Smeaton as a consulting engineer. On 
the ground that no reciprocating lever could produce “ perfect 
circular” motion, Smeaton recommended that a water wheel 
should drive the machinery, and a steam-engine raise the 
water to drive the wheel. 

In 1781, a steam-boat 140 feet long was successfully worked 
on the Soane in France by the Marquis De Jeuffrey. 

Hornblower, 1781. — The introduction of Watt’s pumping 
engines into Cornwall, accompanied by Murdock, excited 
much local emulation to compete with or excel them, which 
has led to the great economy of modern Cornish engines. 
Amongst those local engineers, Hornblower, during Watt’s 
patents, and Trevithick, principally after their expiring, most 
distinguished themselves. 

In 1 781, Hornblower patented a judicious arrangement of 
an additional cylinder, wherein to employ the expansive force 
of steam after it had done its duty in a smaller cylinder, on 
the plan of two cylinders, first suggested by Dr. Falcke, for 
the expansive action of steam. 

For a section of the cylinders as improved by Woolfe, and 
their comparative value to a single-cylinder engine, see Fig. 51, 
page 208. 

The principle of expansion, the condenser, cylinder-pas- 
sages, and details were all so similar to Watt’s single-acting 
engine, that after a law-suit he obtained payment for the use 
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of his patents in Hornblower’s engines, which were also only 
of the single-acting class. 

The beam, mine-pump, counterpoise-weight, and chain con- 
nection being similar to Watt’s, need not be further described. 

Besides Homblower, various engineers attempted to con- 
struct efficient engines without infringing Watt’s patents, but 
they nearly all failed to do so with low-pressure steam without 
a separate condenser. 

Hornblower’s rotatory engine had two moveable pistons 
alternately moving round the steam cylinder, and acting as 
abutment valves to each other. A tappet valve in each piston 
was opened as it came in contact with the abutment one, 
which was then also set at liberty, and the other arrested by 
sliding levers behind it, and so on alternately. 

Bramah, 1 “83 — 1797. — Bramah, another rival of Watt, pro- 
posed to propel ships either by paddle-wheels or by a screw, 
on the principle of the smoke-jack vanes. He also improved 
the construction of the two-way cock of Papin, by making it 
turn quite round, to equalise the wear. 

His letter of 1797 to Sir J. Eyre, Chief Justice of the Com- 
mon Pleas, strongly urging the demolition of Watt’s patent, 
is one amongst many instances of one engineer seeking by 
casuistical pleading to injure another from interested motives. 

Bramah’s chief objections were, that Watt’s engine was 
much more complete than the specification in details, more 
particularly in, 1st, the cylinder top being closed ; 2nd, 
ingenious piston and valve-rod stuffing-boxes in the covers ; 
3rd, gun-metal valves curiously worked ; 4th, stoppage of the 
engine by any one defect ; 5th, construction of stuffing-boxes ; 
6th, cylinder bottom closed, and steam acting above and below 
the piston ; 7th, the “ cuning” condenser, valves, and pumps. 
He concluded by declaring his inability to make an engine by 
the specification, and that the patent was thus invalid, but he 
failed in the attempt to convince the Court. 
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Bramah also proposed three varieties of a rotatory engine, 
by a piston moving round a steam chamber divided into two 
parts, alternately opened to the boiler and to the condenser by 
slide valves working at right angles to the piston, and alter- 
nately pressed against it by an eccentric motion. He is, how- 
ever, now chiefly distinguished by his valuable hydraulic press 
and celebrated lock, requiring so much skill to pick, at the 
Exhibition, by that clever artist, Mr. Hobbs. 

Fitch, 1783 — 1/88. — In 1783, Fitch, an American, proposed a 
steam-boat with six oar-propellers on each side, and so arranged 
that each opposite three should work simultaneously, and enter 
the water as the other six were leaving it. Motion was given to 
the oars by a steam-engine with twelve-inch horizontal cylinder 
and three-feet stroke, working a wheel eighteen inches in dia- 
meter, suitably connected to the oars. In 1 783, he moved a 
boat by paddles on the Delaware : and on trial at Philadel- 
phia, in 1 789, a speed of eight miles an hour was obtained ; 
but Fitch’s supporters having left him, he fell into poverty, 
and in despair drowned himself. 

Rumsey, 178-1 — 1793. — Rumsey’s American steam-boat was 
propelled either by poles in shallow water, as on Hull’s plan, 
or by pumping water in and out of a pipe along the bottom of 
the vessel. The pump was two feet diameter ; and during the 
upward stroke the water entered by a valve, which was shut by 
the returning stroke, and the water expelled at an orifice about 
six inches square in the stern of the vessel. In 1793 a speed 
of four miles an hour was realized on the Thames, against the 
wind and tide, by one of Rumsey’s boats. 

Oliver Evans, 1784 — 1804. — While Watt was devoting his 
talents to the steam-engine in Great Britain, a kindred spirit 
in America, Oliver Evans, was devoting all his energies also to 
extend its usefulness in the New World. Watt preferred low- 
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pressure steam ; Evans, high-pressure steam ; and ever since both 
nations have generally followed the guidance of these leading 
men. The low-pressure engine is most complex, requiring an 
air-pump condenser and injection-pump, more thau is required 
by a high-pressure engine, where the steam escapes into the 
air, as daily seen from locomotives. 

Strongly impressed with the locomotive capabilities of high- 
pressure steam-engines to move ships or waggons, in vain 
Evans sought to obtain pecuniary means to test his ideas. 
His locomotive opinions were derided as emanating from in- 
sanity, consequently he found no Boulton to aid genius strug- 
gling against poverty and prejudice in those fields of steam 
enterprise now so prominent throughout the world. He in- 
troduced the superior cylindrical boiler with an internal flue, 
and leading back below the boiler to the chimney. To further 
economise fuel, the exhausting steam was made to pass spi- 
rally through a pipe in a cistern of water to heat it for the 
boiler, as also done by Trevithick afterwards. 

In 1 804, he showed the capability of his engine for both 
land and river locomotion, by temporarily fitting one of them 
on a rough waggon, and afterwards in a boat. 

Murdock, 1 784 — 1789. — This able assistant of Watt survived 
him about twenty years, leaving a name intimately associated 
with Watt’s steam-engine in Cornwall, where he was much 
respected. The eccentric motion and long D slide-valve were 
his invention, and as a modification of this plan is employed 
in locomotives, its action will be explained. The hole A in 
the circular sheave B C D is at some distance from its centre 
E, which gives it an eccentric motion round the crank shaft 
A, on which it is fixed. Since A is the centre of motion and 
E the centre of the sheave, the distance between them is 
equal in effect to a crank. If that distance is two and a half 
inches on each side of A during each revolution, the point F of 
the eccentric strap and rod, B C, D F (fitted so as to move 
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easily round the sheave E), 
would move five inches, thus 
converting rotatory into recti- 
linear motion. 

For vertical cylinders the levers G, H, fixed on the centre 
N, connect the eccentric rod with the slide-valve rod t, Fig. 
No. 100. For horizontal cylinders, the connection may be 
direct, or by intermediate mechanism, as will be shown. 

Murdock’s rotatory engine consisted of two toothed wheels 
working in a steam-tight casing, and gearing into each other. 
The steam enters directly against the teeth then in gear, and 
forcing them round passes out at the other side to a condenser. 

The cylindrical slide-valve, the cylinder boring-bar, and iron 
cement* for steam-pipe joints, were a few of his contributions 
to the steam-engine. 

He also introduced gas, and the brilliant gas illumination 
of the Soho works at the Peace of Amiens attracted universal 
attention, which has led to its present extended and still ex- 
tending use. A model of an oscillating engine, and also a 
model of a locomotive engine, both made by Murdock in 1/85, 
were exhibited in the Industrial Palace as the earliest working 
models of these engines in this country. The locomotive 
model will be described in the next chapter. The object of 
the oscillating cylinder C, Fig. 101, is to keep the piston in a 
line with the angularity of the crank, without a parallel motion 
or separate connecting-rod. For this purpose the cylinder is 
suspended on two hollow centres, which serve as steam ports. 
When the crank is at its greatest angle the cylinder takes the 

* This cement was made of sixteen parts cast-iron filings, two parts 
of muriate of ammonia, and one part of sulphur, mixed together and 
kept dry till required, when it was made into a paste with water, and 
calked into the joint. The oxydation cemented the mass into a solid 
which answers well for such joints. 


Fig. No. 100. 
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Fig. No. 101. 



same angle, and in like manner at the opposite extreme, or 
any other part of the revolution. On this principle very com- 
pact and good engines are constructed by Messrs. Penn, of 
Greenwich, one of which is shown, Fig. 101; and also by 
Napier, of Glasgow, and others. 

Messrs. Joyce, of Greenwich, have recently constructed a 
double-cylinder pendulous oscillating engine of forty-horse 
power, which is said to be an economical one. The pendulous 
engine is so called from its cylinder being suspended from its 
top end on centres like a pendulum, with the piston-rod work- 
ing out below, as was introduced by Bull in 1/90, to evade 
Watt’s patent, although previously used by Cugnot. 
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Fig. No. 102. 



Joyce’s Pendulous Engine. 


Fig. 102 is a front view of. one of Joyce’s single-cylinder 
■Jtendulous engines, showing its simplicity of arrangement and 
mode of action. 

In 1 784 M. R. Cameron proposed a rotatory engine, either 
by a piston moving in a circular channel, or by a piston 
moving in a lateral path in the cylinder, so that its rod had a 
screw-like motion forwards as it turned round. He also pro- 
posed a long cylinder, divided into two by a transverse central 
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partition, through which the piston-rod worked, and a separate 
piston in each half. The upper piston was acted on by the 
atmosphere, and, the lower one by the steam, which was con- 
densed below the piston, and, drawn off by the upper piston 
in its ascent, caused by a fresh supply of steam. 

W. Cook, 1/87- — By jointing a series of flaps or pistons of 
thirty-six square inches area to the circumference of a wheel 
half inclosed in a steam-tight case, Cook calculated he would 
have a constant acting force of 531 lbs. on these pistons. The 
mechanism was so arranged that each piston was closed in a 
recess in the wheel, as it entered the steam-case, and, opening 
by its gravity, the steam impelled it onwards, while the casing 
again closed it to admit its rotation, and so on with each flap 
or piston. 

Patrick Miller , 1787 — 1796. — This enterprising Scottish 
gentleman spent about 30,000Z. in seeking to improve the 
naval and artillery defences of the nation, yet, like many poor 
inventors, he was neglected. An equal party expenditure 
would probably have commanded the attention of the govern- 
ment, for patriotism and political power are two different sub- 
jects in most countries. So true is the poet’s remark, that — • 
“ Truths would you teach to save a sinking land, 

All fear, none aid you, and few understand.” 

The carronade was Mr. Miller’s invention ; and in naval efforts 
he constructed some twin and treble-keeled paddle-boats. 
"With two keels, the paddle-wheel worked between the keels ; 
and with three keels, one paddle-wheel on each side of the 
central keel. The keels were made to work simultaneously by 
one steersman. With a double-keeled boat a speed of four 
miles an hour was obtained in the Frith of Forth, by five men 
working the paddles by a capstan. The boat was sixty feet 
long and fifteen feet wide. 

In these experiments he was actively seconded by his chil- 
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(Iren’s tutor, Mr. Taylor, who successfully urged him to em- 
ploy a steam-engine to turn the paddle-wheels. In 1 788 the 
first trial was made on Dalswinton Lake, in a double pleasure- 
boat worked by one of Symington’s ratchet-mction engines 
with a four-inch cylinder. With this very small engine a 
speed of five miles an hour was obtained, which led to a 
double engine of the same class, with eighteen-inch cylinders, 
being applied to a boat on the Frith and Clyde Canal in 1 789- 
90, and a speed of seven miles an hour realized. Whether the 
cost of these trials had exhausted Mr. Miller’s resources, and 
a gentlemanly delicacy prevented his soliciting aid, or other 
causes operated to induce him to give up his steam-boat expe- 
riments when they had thus proved successful, is not known ; 
but from this time he turned his attention principally to agri- 
cultural affairs. Mr. Taylor received a pension of 50 1. per 
annum from Lord Liverpool ; and in 1837 each of his four 
daughters received 50/. as a gift from Lord Melbourne’s go- 
vernment, for his aid in introducing steam-boats. 

Earl Stanhope, 1790. — As a practitioner in science and 
art this nobleman holds a high position, regarding it as more 
honourable to gain an independence as a mechanic than live 
upon the bounty of friends or on the public purse. 

In 1795 he tried a steam-boat moved by paddles, which 
opened to act against the water, but closed to be drawn 
through it, like a duck’s foot, and with a flat-bottomed boat 
attained a speed of three miles an hour. R. Fulton, the 
American steam-boat engineer, showed his lordship drawings 
of a steam-boat in 1793-4, and it is said urged the advantage 
of paddle-wheels over the duck-foot oars, but without effect. 

Francois’ engine for draining a morass had the water enter- 
ing the cylinder through a bottom valve by atmospheric pres- 
sure, to be expelled by steam from the boiler without any 
piston. The water to be raised first entered a bucket balanced 
on a pivot, but with unequally long ends, so that as it filled 
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the long end preponderated and emptied out the water, when 
it resumed its balanced position again. The alternating motion 
of the tumbling-bucket was made to open and shut the steam 
and eduction cocks, somewhat after the plan of Gensanne. 

Keupel proposed a rotatory engine by jointing a horizontal 
tube centrally on the steam pipe, and producing rotation by 
the emission of steam from small orifices at opposite sides of 
the tubular arms, as in Hero’s selopile. 

Sadler, 1792. — Sadler proposed rotation by steam issuing 
from similar arms to Keupel’ s, at great velocity within a case, 
and renewing the motion by condensing the steam internally, 
so that the air became the motive power. His reciprocating 
engine had no beam or parallel motion, but had vertical guides 
for the piston and air-pump rods to work on by small wheels. 
The air-pump rod was extended to give motion to a lever 
pressing the valves and cocks. Although inferior to Watt’s, 
yet, in a competition, the naval authorities preferred Sadler’s 
engine to that of Watt’s at that time. 

Nuncarrow proposed an ingenious plan of applying a con- 
denser to Savary’s engine, for raising water to turn a wheel 
and drive machinery from this water wheel. 

Fenton Murray and Wood, of Leeds, improved the details 
of the valves, air-pumps, and boilers, along with horizontal 
cylinders, where most convenient. They also fitted a throttle- 
valve in the chimney, worked by a small cylinder fitted on the 
boiler, which partially closed the chimney when the steam was 
high, but left it open when steam was low in the boiler. 

J. Robertson, of Glasgow, proposed a long cylinder with two 
pistons, that the steam, which usually escaped past the upper 
piston, might act on the second one, and erected some engines 
on this plan which worked satisfactorily, until a better class of 
pistons and cylinders rendered such a plan unnecessary. 

At the expiry of Watt’s patent, there were only about 1400 
horse-power of his engines at work in London, Manchester, 
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and Leeds, so much had prejudice and interest done in retard- 
ing the general introduction of this valuable machine. 

Woolfe, 1796 — 1804. — By making Hornblower’s engine 
double-acting, like Watt’s, and using higher pressed steam, 
generated in an improved tubular boiler, Woolfe produced a 
very efficient class of engines. The boiler A B, fig. No. 103, 
consisted of six, eight, or more metallic tubes, placed trans- 
versely across the fireplace and flues, and connected to a main 
steam receiving-pipe A, under which a partition wall divided 
the flue into two. The fire acted directly on the three first 
tubes, and the products of combustion passed alternately over 
one tube and below the next until they reached the back of the 
boiler, when they passed round the end of the partition, and 
continued their course alternately over and under the tubes 
until they reached the chimney at the fire end of the boiler. 
Two half-length steam receiving-pipes were over this part of 
the transverse pipes, and also connected with the main steam- 
chamber A, from whence the steam passed by the pipe S to the 

Fig. No. 103, 
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from the top of D to the bottom of E, or from the bottom of D 
to the top of E, by the double connecting passages 1 3. The 
condenser passage 2 4 communicates with both sides of the 
piston in E, that it may work in a vacuum. Both the pistons 
are thus simultaneously moved upwards or downwards at the 
same time. Sim’s engine of this class has the two cylinders 
on the top of each other, like Cartwright’s cylinder and air- 
pump ; but M ‘Naught places the small cylinder at one end ot 
the beam, and the larger one near the other end, that they may 
work at right angles to each other, like two separate engines. 
Both classes are favourable for efficacy and economy. In 
these varieties of Homblower’s engine, there is the uniform 
force of the small piston combined with the decreasing force of 
the large piston, which gives a more equal mean than is ob- 
tained from an equal expansion in one cylinder, although, as has 
been shown, the total force evolved is greatest for one cylinder. 

Trevitheck, 1790 — 1816. — From 1790 to 1800 this able 
engineer, in connection with Bull, one of Watt’s former work- 
men, erected several engines with double-acting cylinders on 
Watt’s plan ; but to evade his patent. Bull worked the piston- 
rod through the bottom instead of the top, which on a trial the 
judges held to be legal. 

Trevitheck’s acquaintance with Murdock and his models at 
Kedruth led to his celebrated locomotive of 1803, combining 
the principal features of both models in one engine. Like 
Evans, Trevitheck preferred high-pressure steam, and his 
first patent engine had a spherical boiler set in a fire-brick 
case, with a heating flue all round. The cylinder was fitted 
into the boiler to maintain its temperature, and a two-way 
cock, worked by a double eccentric cam on the fly-wheel 
axle, admitted steam to and from the cylinder. Another 
plan was to suspend the case, boiler, and cylinder on cen- 
tres, that the piston might adapt itself to the angularity 
of the crank ; or to suspend the cylinder only, like Mur- 
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dock’s. He afterwards adopted a cast iron boiler, nearly 
simdarinform to Evans’, as in Fig. No. 104, where the fire is 
placed in one end of the central flue, whilst the other end 


Fig. No. 104. 



terminates in the chimney. The cylinder is fitted into the 
boiler, and the fixed guides 1 2 keep the piston-rod in a line 
with the cylinder. A connecting-rod down each side commu- 
nicates the piston motion to the cranks and fly-wheel. The 
exhaust-pipe passed through the cistern W to heat the water 
for the boiler — also similar to Evans’ plan ; but Trevitheck’s 
terminated in the chimney, which ultimately led to that im- 
portant part of a locomotive, the blast pipe. P the cold water 
pump, M the syphon mercurial gauge, S the steel-yard safety- 
valve. The boiler pump was on the opposite side. 

In 1802 Trevitheck patented a common road locomotive 
engine, which was successfully tried near London, and on a 
mineral railway in 1805 ; but having run off the road it lay in 
the ditch as if a worthless combination of mechanism. Like 
Evans’, Trevitheck’s success was greatest with fixed engines, 
and after the expiry of Watt’s patents, in 1800, he introduced 

o 2 
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high pressed steam, expanding to a low pressure, with so 
marked economy that the Court of Spain sent him out with 
regal honours to drain the silver mines of Peru. The locomo- 
tive, neglected by the public, was necessarily neglected by the 
inventor for the more inviting Spanish commission, which 
however also ended badly, and Trevitheck returned unre- 
warded to England, and continued to devote his talents to im- 
prove the steam-engine. 

Symington, 1786 — 1804. — In 1786, Symington exhibited a 
model of a locomotive at Edinburgh, but I have not been able 
to get any particulars of its arrangement. He also tried to 
combine Newcomen’s atmospheric plan with Watt’s separate 
condenser, yet evade the patent, but failed to do so. 

Symington’s experience in Scotland with Messrs. Miller and 
Taylor resulted in his constructing the first paddle-wheel steam- 
boat of the modern class. Supported at the time by Lord 


Fig. No. 105. 



Symington, 1802. 


Dundas, it was called “ Charlotte Pundas,” after his lordship’s 
daughter. Fig. No. 105 is a diagram of its machinery. The 
boiler B supplied steam to the horizontal double-acting cylinder 
C, whose piston-rod is kept parallel by the motion M, and con- 
nected by a rod and an outside crank to the paddle-wheel W, 
to produce rotation in the usual manner. The condenser D 
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and the air-pump A are worked by the cranked lever E, con- 
nected to the piston-rod motion. This is a simple and effec- 
tive plan, which, excepting the condensing apparatus, has been 
adopted in modern locomotive engines. . In 1802 this boat, 
with a twenty-two-inch cylinder and four-feet stroke, drew two 
loaded seventy-ton boats, against a strong breeze, at the rate 
of three and a half miles per hour ; but the canal proprietors 
objected to its use, for fear of the waves injuring the banks. 
Symington’s means were gone, and this efficient steam-boat was 
laid up in Scotland, near Brainsford, for years exposed to public 
view — a valuable combination, yet unable to find public support. 

When reduced to poverty, and his friends appealed to the 
government on his behalf, Symington was presented with 10 Of. 
from the Privy Purse in 1825, and afterwards with 50f. ! 

Cartwright, 1/97. — This reverend and talented gentleman 
patented an ingenious parallel nlotion, metallic piston, an air- 
pump, and external condenser. He also proposed a rotatory 
engine with three pistons and double admission and exit pas- 
sages for the steam. Power looms, and carriages without 
horses, were also amongst his plans. 

In his reciprocating engine he proposed to use alcoholic 
vapour, which external condensation did not affect, so that it 
could be used again and again. His parallel motion was by 
having two wheels of equal diameter connected to a cross head 
on the piston rod, and, as the cranks were always opposite to 
each other, their obliquity was balanced to work the piston- 
rod vertically. The air-pump was immediately below the 
cylinders and both worked by one rod for both pistons. 

Hall’s patent tubular condenser, as applied to the “ British 
Queen” and other steamers, is an improved form of Cart- 
wright’s plan of condensing by external cold. The metallic 
packing of modem pistons are modifications of Cartwright’s 
piston. In this way the ideas of one inventor are adopted by 
others in new combinations of greater efficiency. 
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Fulton , 1793 — 1807. — This able and persevering man had 
been long engaged in promoting various plans of steam navi- 
gation, and other projects, before he saw the forsaken steam- 
boat on the Clyde canal. Having visited Scotland, and made 
himself acquainted with the construction and performances of 
Symington’s neglected steam-boat, Fulton returned to Ame- 
rica, and successfully introduced steam-boats on the Hudson 
between New York and Albany. To Fulton is due the credit 
of coming to this country and carrying into practice, with the 
most beneficial results to mankind, a British combination 
neglected by the British nation. It is a singular, yet melan- 
choly fact, that at the same time the two most remarkable in- 
ventions of any age, — practical steam-boats and practical loco- 
motive engines, — were both lying for years as a “ reproach ” 
and a “ byeword ” on the highways of Great Britain, — Sym- 
ington’s steam-boat on the Forth and Clyde Canal, Trevitheck’s 
locomotive engine in a ditch by the road side ! Both the in- 
ventors died poor, neglected men. America had also her 
neglected Evans, and France her Cugnot. May we not there- 
fore the more appreciate such men as Boulton, who rescued 
a Watt from such world-wide difficulties. ? 

Fulton’s first steam-boat, the “ Clermont,” built in 1807, 
was 130 feet long, 16£ feet wide, 7 feet deep, and 160 tons 
Fig. No. 106. burden, worked by one of Watt’s 
double-acting engines, with a vertical 
cylinder two feet diameter and four 
feet stroke, connected to the paddle- 
wheels W W, Fig. No. 106, fifteen feet 
diameter and four feet broad, by the 
side levers and outside connecting 
rods 1, 2, and gearing S b. Each 
paddle-wheel was on a separate axle 
B, C, having on its inside end a crank 
Fulton’s Steam-Boat, 1807. 3, 4, for the connecting rod, and a 
toothed wheel, a b, to gear into another on the fly-wheel shaft 
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S. As there was only one engine, a large fly-wheel, F, worked 
in the centre of the boat between the ends of the paddle shafts, 
to continue the rotation past the dead points of the crank, as 
shown in the Fig. 106. 

American river steam-boats are now celebrated for their size, 
superior accommodation, number, low fares, and speed, ovef 
those of any other nation. On the Hudson, for instance, where 
steam navigation for hire was first introduced, besides many 
smaller vessels averaging 200 feet in length, there are upwards 
of ten floating steam palaces averaging 310 feet length. Two 
of them are above 1 000 tons burden, and many of them travel 
twenty miles an hour with safety, for explosions are all but 
unknown on this river. From New York to Albany, about 
150 miles, the fat'b is only 2s. 2d. in these floating palaces. 
This is a higher velocity than our parliamentary trains, and at 
one-fifth the cost to travellers. 

»« 

Bill, 1800 — 1812. — In 1800 Mr. Bell fitted a four-horse 
steam-engine in a small vessel, and sailed from the Clyde to the 
Thames at the rate, as stated, of seven miles per hour. The 
extraordinary appearance, it is said, led a sloop of war to give 
chase in the Bristol channel ; and on an Admiralty inspection 
in the Thames, considering the invention of no value, Nelson 
remarked, “ Gentlemen, if you do not take advantage of this 
invention, you may rely on it other nations will.” Even this 
mediation of England’s great naval captain failed to secure 
Bell any better treatment than had been meted out to 
Savary. 

The machinery was taken out and the boat sold. Another 
application in 1803 shared no better fate, and in 1812 Mr. 
Bell constructed the “ Comet ” steam-boat of 25 tons, worked 
by an engine of about three horse-power, which realized about 
five miles per hour on the Clyde. As soon as Mr. Bell had 
overcome popular prejudice and obtained passengers, powerful 
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companies started into existence, which deprived him of any 
reward for his meritorious exertion and heavy pecuniary 
sacrifices. 

Stevens, 1804. — With a Watt’s engine of only four-and-a- 
half inch cylinder and nine inches stroke, supplied with steam 
form a boiler consisting of eighty-one horizontal copper tubes, 
one inch diameter and two feet long, Stevens, of Hoboken, in 
America, propelled a steam-boat four miles an hour by a screw, 
on the principle of the smoke-jack vanes. The tubular boiler 
deserves notice from the number and position of the tubes, 
being similar to the modern locomotive boiler, excepting that 
the latter makes the tubes flues, whilst Stevens made them 
boilers, as was generally done by all common road steam- 
engines, with steam from 2001bs. to 3001bs. pressure per square 
inch. 

Stevens also constructed one of his boilers six feet long, four 
feet wide, and two feet deep, with one-inch tubes, to give a heat- 
ing surface of 400 square feet. 

In 1815 Ralph Dodd had a fourteen-horse engine fitted into 
a seventy-five ton boat, and during a stormy voyage from the 
Clyde by Loch Ryan, Dublin, Milford, to London, of about 
758 nautical miles, run in 122 hours, he clearly showed the 
power of steam to contend against dangers which would have 
destroyed sailing vessels. 

In 1818 Mr. David Napier successfully prosecuted ocean 
steam navigation, and in 1822 the “James Watt” of 100 
horse-power and 440 tons burden ran from Leith to London, 
realising a speed of ten miles an hour. 

Since that time steam navigation has steadily progressed, 
and engines with their pistons connected directly to the crank, 
as in locomotives, without any side levers or beams, are 
now preferred. Of these direct-action engines the oscillating 
class are most compact, by also dispensing with the connect- 
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ing rod, as in Fig. No. 101, made by Penn & Sons, Green- 
wich. 

It may be remarked that rotatory steam-engines introduced 
by Hero, employed by Branca and Matthesius, have engaged 
and still engage much attention. The goal aimed at is to 
obtain from the direct impulse of steam a rotatory motion as 
uniform as a water wheel, but its economical realization is a 
difficult problem. 

A great variety of rotatory engines have been proposed by 
Maudsley, Clegg, Chapman, Witty, Ovens, Turner, Routledge, 
Moore, Congreve, Masterman, and many others of quite 
recent date, but with limited success. 

Amongst the latest is one by Mr. Andrews, of .the Great 
Western Railway locomotive department, combining both 
Hero’s and Branca’s plans in a modified form. One of them, 
about four-and-a-half feet diameter, with two jets only, was 
tried at Swindon, which was unfavourably reported of : and it 
is only fair to give the following good results, handed me by 
the patentee, as made on a roughly got up five-feet engine, 
with four jets, and tested by a seven-feet lever Prony’s brake, 
loaded at its extremity *. — 

Exp. 1st, Started quickly, with 1401bs. load 

,, 2nd, Revolv. 84 per min. with 409lbs. „ 

„ 3rd, ,, 280 „ with 150lbs. ,, 

„ 4th, „ 3000 „ without a load. 

Steam from eighty to ninety pounds per square inch, was supplied 
through the hot water steam-pipe of a locomotive boiler stand- 
ing on the rails at some distance off, and conveyed to the 
engine by a gas pipe. The inventor expresses great confi- 
dence in the result of a fair trial in practice. 

The disc and eccentric piston engines are intermediate 
classes, where a rotatory motion is obtained from the circle 

o 3 
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described by the piston-rod. Part of the machinery in the 
Exhibition of all Nations was worked by an eccentric piston 
rotatory engine, which receives and exhausts steam at two 
parts of the stroke like a reciprocatory engine, consequently 
requiring a fly-wheel to continue the motion over the dead 
points. Whilst genius and experience continue thus directed, 
they may succeed in solving the problem, but hitherto rotatory 
engines have failed to compete in economy of power with the 
expansive reciprocatory engine. 

Steam has not attained its eminence without competition ; 
for, besides hot air, gunpowder, gun-cotton, turpentine, alcohol, 
and explosive gases, have all been tried as sources of motive 
power, and still occasionally attract notice. 

In 1/91 R. Street dropped turpentine on hot iron, and ex- 
ploded the vapour formed below a piston to produce motion. 

In 1807 M. De Revaz moved a locomotive carriage by 
exploding a mixture of hydrogen and air in a cylinder by 
electricity. 

In 1820 the Rev. M. Cecil discussed the comparative merits 
of steam and an explosive mixture of air and hydrogen, and 
proposed an engine to be worked by the explosion of air and 
hydrogen. 

In 1823, 1824, Mr. S. Brown constructed a similar, but 
greatly improved explosive gas engine. Mr. Brunei tried a 
carbonic acid gas engine ; and, modified, these plans have been 
revived again in America, with other alcoholic gas engines. 

Electricity has also been tried somewhat extensively, and 
both in Great Britain and in America electro-locomotives 
have realized from six to ten miles per hour with a limited 
load. 

In this fertile field for genius to revel in, it is as yet quite 
uncertain what treasures may be culled of the motive power 
class, although at present practically uninviting. 

At the last Swindon Mechanics’ Soiree were exhibited 
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several models of engines, both by steam and electricity. 
Amongst the latter was one by James Squires, driving a sec- 
tional model of one of the large broad-gauge engines, and 
another, producing rapid motion, by William Bickle. The 
latter had two electro-magnetic coils on each side of the centre 
of two levers, having broad parts immediately over these coils 
for attraction and repulsion alternately, and their other longer 
ends were connected to the fly-wheel axis, as in the steam- 
engine. By a self-acting cut-off valve, for the electric current 
at opposite angles at the same moment, a double-cylinder 
action is obtained, which in the small model spun round the 
fly-wheel with great rapidity. 

Squires’ plan was by placing the poles of a horse-shoe electro- 
magnet within the attractive distance of the arms of a fly-wheel, 
and by a self-acting cut-off produced rotation with considerable 
power, for the size of the model.* 

Ericsson, 1829 — 1853. — Before closing this historical sketch, 
the exertions of this enterprising Swedish engineer to intro- 
duce hot air as a competitor with steam on the fair field of 
ocean navigation, require to be noticed, although any remarks 
now made are liable to be superseded by the results so 
anxiously looked for by an expectant world. 

In England, Ericsson designed the novelty locomotive tried 
at Rainhill, in 1 829 ; the rotatory-engine steam-boat, tried at 
Liverpool in 1832-3, with great velocity in the water, but ex- 
cessive consumption of steam ; the hot-air engine, tried in 1834 
at Braithwaite and Co.’s, London, with success as a motive 
power, but failure from friction in the hot cylinder ; and his 
screw-propeller steam-boat of 1 837, tried by the Admiralty on 
the Thames, with much success in public opinion, yet con- 

* These models were shown at the conversazione of James Rendel, 
Esq., President of the Institution of Civil Engineers. London : 1853. 
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demned by the Admiralty surreyor, and officially ignored at 
the time. 

The American Captain Stockton, however, formed a differ- 
ent opinion ; had a larger vessel built at Liverpool in 1838, 
and sent to America in 1839, where, as the “ New Jersey,” 
it plied on the Delaware with success, and screw-propellers 
are now generally preferred for many purposes. 

Since that time Captain Ericsson has been chiefly in 
America, and has found in B. Kitching, Esq., of New York, 
a second Boulton, to aid him in testing hot-air power on a 
truly magnificent scale of operations. 

The principle of caloric or hot-air power is heat, the same 
as in steam or hot-water. In the former air is expanded, and 
in the latter water is expanded to give out elastic power. 

As we have before shown, air is estimated to expand Trsth 
of its bulk for each Fahrenheit’s degree of heat added to it ; 
and as its pressure is nearly in the ratio of its volume and 
space, it follows that by adding 480° of heat to the ordinary 
air, it would double its volume, or if confined, double its pres- 
sure. This would give a total pressure of two atmospheres, 
and, independent of a vacuum, leave one atmosphere 1 4 - /Ibs. 
per square inch of available power, which inventors seek to 
apply as a motive power instead of steam. 

The difficulties hitherto defeating the success of hot-air 
power are, the high temperature of about 570° required in the 
working cylinder, volatilizing or carbonizing any known 
lubricant, and the excessive friction thereby occasioned. 

Perkins experienced the same difficulty with his high-pres- 
sure steam, but then he would have at least 33 times the 
power of air of equal temperature, or upwards of 1000 lbs. 
per square inch. 

The preceding pages have shown that hot-air engines are as 
old as steam-engines, and that in design they were not sur- 
passed before Newcomen’s time, nor yet surpassed by caloric 
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engines as regards heating the air in a separate vessel from the 
working cylinder. In engines, both rotatory and reciprocatory, 
Cardan, Branca, Amonton, Leupold, Hautefeuille, and others, 
have sought to produce an effective hot-air power, or, as in 
Wilkinson’s and Houston’s recent patents, by air and steam 
combined in the same boiler or cylinder. 

The obvious safety from explosion, and -the lightness of the 
whole engine, led Sir G. Cayley, in 1804, to propose a hot-air 
locomotive, which was tried in London, in 1807, before several 
scientific gentlemen, including the late Mr. Brunei and Mr. 
Gurney. About 1819-20, Mr. Greenwood had a hot-air en- 
gine made and tried at Manchester, with one forcing-in air- 
pump, and another exhausting air-pump, but the friction led 
to its disuse. 

In 1834 Mr. Stirling had a reciprocatory hot-air engine 
made by his brother at Dundee, where it worked for several 
vears with much economy of fuel, but, as in others, the fric- 
tion was a serious drawback to its real utility. 

This engine had a wire-gauze absorber of escaping heat, 
which it restored to the cold air entering through its meshes 
to the cylinder, and a similar gauze-chamber is an important 
feature in Ericsson’s caloric engine. This gauze reservoir 
Mr. Stirling called a refrigerator, from its cooling the escaping 
air; but Captain Ericsson calls it a regenerator, from its 
heating the entering air. 

So far as we can learn, Ericsson’s engine is a modification 
of Sir G. Cayley’s and Mr. Stirling’s, with his own compact 
arrangement of the mechanism. We now describe it, to the 
best of our judgment, as follows : — 

The hot-air cylinder, about fourteen feet diameter, has 
placed at some distance above it the air- supply cylinder, 
about eleven and a quarter feet diameter, and the open ends of 
both cylinders facing each other. In the top of the supply 


Digitized by Google 



302 


ericsson’s caloric engine. 


cylinder there are two valves, of which one part opens inwards, 
to.admit air, and another part opens outwards, by which to force 
the air out by the pipe into the airometer. In the bottom is 
placed a number of thicknesses of wire-gauze, having a sur- 
face of many square feet, through which the air passes 
both to and from the working-cylinder. The slide-valve alter- 
nately opens the ports, to admit air to the cylinder, and 
from it to the atmosphere. The lower part of the working 
piston is extended downwards, but not fitting the cylinder, 
that its expansion may not injuriously affect it, whilst it guards 
the air-tight part of the piston from the direct action of the 
hot air. The pistons are connected together, which preserves 
their parallelism, and a bell-crank lever, connected by a link or 
slot to the main piston-rod, gives motion to the machinery. 
As the cylinders are only single-acting, it requires four cylin- 
ders to give the rotatory power of two double-acting steam 
cylinders, and they are placed two and two on each side of the 
paddle-shaft, in lines parallel with the line of the vessel. The 
connection with the crank-shaft is so arranged, that each pair 
of acting cylinders work at right angles to each other, as in the 
double-crank engines. 

The action is regulated by the slide-valve, admitting air 
to the cylinder where it is exposed to the fire, and as it 
expands by the heat, both pistons are raised simultaneously 
about six feet high. The large piston gives motion to the 
machinery, and the small one forces the air to replace that 
withdrawn from below, and thus balance the supply and 
demand of air. As the pistons are in an equilibrium of atmo- 
spheric pressure on both sides during the downward stroke, 
their own gravity, aided by the full-power action of the other 
cylinder, carries them to the bottom ready for another upward 
stroke again. 

At this point the wire-gauze recipient or heat-ometer comes 
into action, by absorbing heat from the escaping hot air, which 
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is again re-absorbed from the wire-gauze by the cold air pass- 
ing through it to the cylinder. Its action is precisely similar 
to that of the respirator worn by invalids or others in cold 
weather ; for in both the human and mechanical arrangement, 
heat is absorbed by the wire-gauze from the expelled air, and 
returned to the air which enters through it to the lungs or to 
the cylinder. 

In Ericsson’s engine it is stated, that the heat so “caught” 
in escaping and returned to the cylinder is about 460° out of 
510° of added heat to that in ordinary air, and requiring from 
the fire only about from 50° to 70° to replace that lost by 
radiation or other causes, and the generation and consumption 
of caloric or heat is thus adjusted. 

In this way the actual consumption of heat is economised to 
about 25 per cent, of that required for steam ; but the amount 
of friction in passing through the gauze is not as yet publicly 
known in England, and is highly estimated. 

The name of regenerator has been objected to, as implying a 
creator of power, whilst it is only a recipient of heat, which 
would otherwise be lost, and perhaps heat-ometer would convey 
a clearer idea of this important “picker-up ” of |4ths of the 
escaping heat for further duty. If a similar proportion of the 
1180° of heat in 30 lbs. steam could be returned to the boiler, 
the economy of fuel would be very decided, since at most only 
about £th of it can be so retained in water heated, by waste or 
exhausted steam, to the boiling point. 

With a practical solution in progress, so much more satis- 
factory than any theoretical one, it will be unnecessary to dis- 
cuss the relative expansion of steam or flame and air by heat, 
since the power of the latter, if safer, is much more confined 
than that of the former. 

The pressure on the supply piston acts against the working 
piston, at a mean force from zero up to full pressure, about 
half stroke. In the recent trials a working pressure of 12 lbs. 
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was said to be realized, and taking 10 lbs. as the full mean 
pressure on the supply piston, an estimate of the power may 
be thus arrived at : 


sq. in. lbg. lbs. 

Area of working cylinder 22167 x 12 = 266004 
Area of supply cylinder 14426 x 10 = 144260 

Which leaves an available power = 121744 


to move machinery and overcome the friction of the engine, or 
about equal to 24 lbs. effective steam on an 80-inch piston. 
The power therefore of Ericsson’s two pairs of cylinders, with 
6 feet stroke, would be about the same as two 80-inch double- 
acting cylinders with a similar stroke, and 24 lbs. high-pres- 
sure steam, or 12 lbs. steam in a condensing engine, whose 
vacuum supplies the other 12 lbs. Double-acting cylinders 
would however be as valuable to caloric as to steam-engines, 
which were also single-acting till Watt’s time. 

The power given out by hot air is, however, variously re- 
garded by the most experienced engineers, who doubt its suc- 
cess, which time will soon solve ; but that power is obtained 
from hot air is quite evident from the example given, less the 
additional friction of four pistons instead of two in the steam- 
engine, leaving the air-pumps as equivalent to water-pumps 
and parallel motion. 

From working models of other hot-air engines there appears 
to be no difficulty in making any number of strokes per minute 
up to at least 150 or more, but past experience points to friction 
as the chief obstacle to hot-air engines. Against the disad- 
vantages of friction, unequal expansion of the cylinder, oxyda- 
tion or leakage, to be overcome by skill and ingenuity, are to 
be placed the advantages of safety from explosions, economy 
of fuel and of space, — all considerations of importance in navi- 
gation, — and other mechanical operations. 
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The practical results, therefore, of Ericsson’s experiments 
will be deeply interesting in any point of view ; but it will be 
most satisfactory to learn that he triumphs over those me- 
chanical difficulties which have hitherto retarded the progress 
of hot-air engines. 

Portable Farm-engines . — In the mine, in the factory, on the 
ocean, and on the rail, steam had produced results of vast im- 
portance before its aid was valued by agriculturists. Indeed, 
its first essay to do the work of horses was resolutely opposed 
as injurious to their interests; but other opinions now prevail, 
and steam assists the producers of the staples of food and 
clothing, as it has long done the manufacturers of metallic, 
textile, or other products of science and art. 

Under the auspices of the Royal Agricultural Society, the 
farm-engine nearly rivals in economy the factory-engine, 
although defects, which will be noticed, exist in some of these 
engines, which can be easily removed. 

As a fair example, Messrs. Garrett and Sons’ engine was 
considered by Mr. Carr, of Belper (the Exhibition Jury Re- 
porter of 1 85 1 ), “ the most portable, for its power, of any ex- 
hibited ” in Hyde Park, which portability is obtained by 
chiefly using wrought iron in the construction. 

Fig. 108 is a fire-box end view, and fig. 109 a smoke-box end 
view, of this engine. To the fire-box B is fitted the exposed 
cylinder C, and the parallel motion D is fitted to the boiler 
A. The fly-wheel II drives the farm machinery, and is con- 
nected to the piston by the rod F, whilst the eccentric rod E 
works the slide-valve. I the water tank, G the governor, H 
the fire-door, S the shafts, V the safety-valve, W the sup- 
porting wheels. The gauges, steam-pipe, and regulator handle 
are seen on the end views. 

Amongst the farm-engines in the Crystal Palace of 1851 
were several of good workmanship, but many of them had 
exposed cylinders, as if Watt and others had never gained 
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largely by protecting the cylinders from external cold. Prac- 
tically, the exposed cylinder is a stove as well as a source of 
power. Steam of 35 lbs. pressure per square inch above the 
atmosphere, or 50 lbs. total pressure, has a heat of 283°. 
Now, if a cylinder, or steam pipe, filled with such steam, is 
surrounded by an atmosphere of 65°, the heat of the steam is 
rapidly transmitted to the air, and the hands may be warmed 
at such a cylinder as they might be at any ordinary stove. 
There is, then, time, heat, and power lost ; for it is well known 
in railway practice that the useful effect decreases with the 
increase of water in the cylinders, whether there he condensa- 
tion from ill-protected cylinders or by priming. 

The following description of the Exhibition engines, and the 
dynamic results of these trials, are condensed from the Jury 
Report of 1 85 1 . 

General Description of the Engines tried. 

Hornsby and Sons. — A horizontal cylinder, fitted centrally in the steam- 
dome over the fire-box ; the boiler covered with dry hair, felt, and wood, 
and the feed water heated in the smoke-box. 

Tiixford and Sons. — No. 1. A vertical cylinder, and the machinery 
neatly fitted in a case at the end of the boiler, with folding doors to lock 
up all when required. Their No. 2 engine was similarly constructed, but 
with an oscillating cylinder. 

Clayton and Co. — Neatly arranged, good working engine, with an ex- 
ternal horizontal cylinder; now (1853) inclosed in steam. 

Garrett and Sons. — Light, strong, portable engines, with an external 
horizontal cylinder. 

Barrett and Co. — External horizontal cylinder, large boiler, and expan- 
sive link-valve motion. 

Cabron. — Strong heavy engine, with indifferently arranged machinery. 

Butlin. — Workmanship moderate, and machinery of simple design. 

Burrell. — Machinery simply arranged, and fair workmanship. 

Hensman and Son. — The workmanship moderately good, but the boiler 
too small. 

Roe and Co. — Too much cast iron used, with inferior workmanship 
and arrangements. 
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PRACTICAL RESULTS OF THE DYNAMIC TRIALS. 





Coals used 

Coals used per Hour 



Time of 



of 

Hornsby’s 

Engine. 


Maker. 

Horse 

getting 

in getting 
up Steam. 

per H. P. 



Power. 


per Hour. 

Difference. 


No. 

Men. 

lbs. 

lbs. 

Per cent. 

Per cent. 

Hornsby & Son. 

6 

49 

35-23 

6-73 

100 0 


Tuxford & Son . 

6 

53 

56-68 

7-46 

1108 

10-8 

Clayton & Co. . 

6 

32 

35-40 

8-63 

128-2 

18-2 

Garrett & Sons . 

5 

42 

26-50 

8-65 

128-5 

18-5 

Barrett & Co. . 

4-5 

26 

25-56 

920 

136-7 

36-7 

Tuxford & Son . 

4 

415 

35-60 

10-85 

161-2 

61-2 

Cabron . . . 

9 

44 

52-00 

12-48 

1854 

85-4 

Burrell . . . 

6 

28 

35 00 

13-10 

194-6 

94-6 

Butlin . . . 

4-5 

50 

42 00 

14-71 

218-4 

118-5 

Hensman & Son 

4 

33 

29 00 

18-75 

278-6 

178 6 

Roe & Co. . 

4 

83 

75-20 

25-8 

383-3 

283-3 


These results were taken by a Prony’s brake, on the plan of 
the Royal Agricultural Society ; but it is respectfully sug- 
gested that, in addition to the final results, the water evapo- 
rated or carried out of the boiler should also be given. The 
processes of generating and employing steam are, as has been 
shown, quite distinct, and it would promote the objects of the 
society to be able to state in their reports whether the dis- 
crepancies between engines arose from the boiler or machinery, 
by simply comparing the evaporative economy with the final 
economy ; for steam once generated, and afterwards con- 
densed before it has left the cylinder, is a great but unseen 
absorber of steam power.* 

The hourly consumption of fuel by these engines follows 
generally the more or less carefully protected heat, after it 
is the life of steam. 

Thus, Hornsby’s well-clad boiler, well-protected cylinder, 
and hot feed-water, is 10 per cent, more economical than Tux- 
ford’s, with the next best protected cylinder ; 28 per cent. 

* With their steam-surrounded cylinder at Gloucester, in 1853, the 
coals were only 4 '3 lb. per horse-power, which gained the first prize. 
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more ecouomical than Garrett’s or Clayton s, with exposed 
cylinders ; and 36 per cent, superior to Barrett s engine , 
showing the advantages of well-protected boilers and cylinders, 
as proved by Clayton & Co-, at Gloucester, in 1853. 


Steam-Ploughing . — Amongst the first public trials of steam- 
ploughing was that made by Mr. Heathcote, M.P., on Lochar 
Moss, at the Scottish Highland Agricultural Society’s Dum- 
fries Meeting in 1836; and of late years Lord Willoughby 
d’Eresby has most commendably persevered to reduce steam 
ploughing to practice. His engines and implements both 
admit of improvement, but experience will contribute her 
counsels and ingraft them on the original plan as on other new 
fields of enterprise. The present system is to lay down a 
light portable road at each end of a field, with a portable 
engine on each road ; a chain drum fitted to each engine is 
worked by the steam, and this chain is connected to the 
plough, or other instrument, mounted on wheels, and adapted 
to the soil or duty required. The ploughman regulates the 
depth of the furrow by levers, and the ploughs are alternately 
drawn to and from each engine by reversing the motion of the 
chain off or on the drum. As each set of furrows is com- 
pleted the engine is moved that distance along the end road, 
so that the chain may again act in a line with the traction. 
The comparative economy is stated to be in favour of steam. 

As practical examples of this system, the California engine 
and a plough with four shares and four subsoil prongs were 
shown at the Exhibition, (No. 195, Class 9.) by Lord Wil- 
loughby, but less width of soil acted on at once and greater 
speed of travelling is now adopted, as lately tested by Prince 

Albert on his farm at Windsor. 

The difficulty of the power moving with the implement is 
thus obviated, and the question reduced to one of tractive 
power and portability from field to field. With light engines, 
capable of using steam of 120 lbs. to 150lbs. pressure per 
square inch, as in locomotives, and well-adapted implements to 
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localities, or soils, or duties, Lord Willoughby’s system appears 
capable of extension to many districts, and the engines which 
now stand idle part of the season may usefully till the land. 

A model of a steam plough of a different class was shown 
by Mr. Usher, of Edinburgh, (No. 123 A, Class 9,) with 
revolving blades behind the locomotive engine, mounted on 
wheels. It therefore breaks up or comminutes the soil. 

The number of the blades are regulated according to cir- 
cumstances, and some practical trials of this class of steam 
ploughs, about six tons weight, have been favourably men- 
tioned in the public journals. In Usher's design the power 
moves with the implement, but in Lord Willoughby’s system 
the power is stationary during the time of action. 

Having shown the practicability of steam ploughing, it is 
said that Lord Willoughby intends to close these experiments, 
and try steam locomotion on common roads. 

The railway locomotive was long regarded as inferior in 
economy to horses, until, in 1828, Hackworth’s Royal George 
clearly proved the contrary. Yet even Mr. R. Stephenson’s 
experiments on this engine were held, in 1829, to be exceptional 
by Messrs. Walker and Rastrick, as Lord Willoughby’s appear 
to be generally regarded at present ; but, as in the railway 
case so in the agricultural one, time may develop its progress, 
and a stud of steam horses form a necessary portion of farm 
stock for field or other work. 

In these few pages we have sought to compress an illustrated 
chronological chart of the principal chiefs, and progress of the 
steam family, for upwards of 20D0 years. Distinguished 
however as it has become, its founder is unknown in the annals 
of heraldry. Of its two branches we have just seen how far 
the rotatory has been left in the rear by the reciprocatory 
branch, which has performed all the mighty deeds of modern 
times, by the combined forces of caloric, or heat and water. We 
may form some faint idea of the anxious hope and fear of 
each succeeding genius before his conceptions were clothed 
in* mental or material form — the parental grief or joy as each 
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child expired in infancy or arrived at manhood and fame. 
The scientific knowledge of such men as Desaguliers, Emerson, 
Smeaton, Black, Robertson and others, were all brought to 
bear on the progress of the reciprocatory steam-engine. It also 
embraces the material leading inventions of the loaded safety- 
valve, piston and cylinder of the ancients ; the tubular boiler 
and steelyard safety-valve of Papin, a French physician ; 
the condensation vacuum and gauge-cocks of Savary, an Eng- 
lish miner; of the beam, boiler-pump, injection-pump, and 
vacuum below the piston of Newcomen, an English blacksmith; 
the hand-gear of Potter, an English peasant boy ; the fly-wheel 
of Fitzgerald, an Irish professor; the condenser air-pump, 
double action, parallel motion and governor of Watt, a Scot- 
tish mechanic ; the crank motion of Pickard, an English me- 
chanic ; the metallic piston of Cartwright, an English dissent- 
ing clergyman ; the oscillatory cylinder, eccentric motion and 
slide-valve of Murdock, a Scottish mechanic ; and the double 
cylinder of Hornblower, an English mechanic. From these 
inventors’ inventions, modern engineers select at pleasure to 
construct an efficient engine for the duty to be done. 

The first modem engine was Watt’s, a Scottish mechanic ; 
the first modern locomotive engine was Trevitheck’s, an En- 
glish mechanic ; and the first modern steam-boat was Syming- 
ton’s a Scottish mechanic. The first regular river steam-boat 
was Fulton’s, an American mechanic ; the first ocean steam 
voyage was made by Bell, a Scottish engineer. The most 
economical engines of the present day are constructed by Cor- 
nish mechanics ; and the first locomotive was Cugnot’s, a 
French engineer. 

The amount of intellectual toil concentrated in a modern 
reciprocatory engine will therefore be obvious, as also that 
the principal inventions and combinations are those of working 
mechanics, who have nearly all died in poverty and distress. 

We have now arrived at the locomotive epoch, and under 
the impression that the preceding outline of the elements 
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of steam, of fuel, and of combustion, with their first-fruits 
in the garden of industry, will render the path more pleas- 
ingly instructive, we now propose to trace out the progress 
of railway steam locomotion to its present importance and 
latest forms of engines. 

Those who desire a further knowledge of stationary and 
marine engines, illustrated by elaborate engravings, are re- 
ferred to Tredgold’s third edition of the “Steam Engine,” 
“ Pole’s Treatise on the Cornish Engine,” “Alban’s Treatise 
on High Pressure Engines,” “ Woodcroft’s Treatise on Marine 
Engines,” and “ Murray’s Rudimentary Marine Engine.” 

Since 1822, the locomotive power of the reciprocatory 
steam-engine forms one of the most remarkable events of the 
age. For ocean locomotion, the varieties of the stationary 
engine are used, but with their cylinders shortened and of 
larger diameter to suit the hold of the ships. The beam is 
replaced by one «»n each side of the cylinder, connected 
together by a cross-piece, into which the piston rod is fitted. 
Oscillating engines are also employed in steam-boats, and 
require less space than beam engines. Boilers are made of 
such forms as to suit the vessels, but even on land, where 
space is no object, the forms of boilers have varied and still 
vary much. Watt’s waggon class is losing ground from its 
weak form. Woolfe’s, as improved by Galloway, and Evans’, 
as adopted by Trevitheck and the Cornish engineers, maintain 
a high reputation. Alban’s improved tubular boiler enjoys a 
good name in Germany, and the locomotive tubular-flued 
boiler is also used for fixed engines. The railway locomotive 
engine is self-contained, and takes a form of its own adapted 
to its special duties, which will be explained and illustrated in 
the next volume. 


END OF VOL. II. 
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p UDIMENTARY.— 123. — ON CARPENTRY 

-tv AND JOINERY, founded on Dr. Robison’s Work. 


In demy 4to, cloth, prico 4s. 6d. 

P UDIMENTARY. — 123*. — ATLAS of PLATES 

-Lb in detail to the CARPENTRY AND JOINERY. 123 and 
123* bound together in doth in 1 vol. 


In demy 12mo, with "Woodcuts, cloth, price Is. 6d. 

p UDIMENTARY.— 124. — ON ROOFS FOR 

-Lb PUBLIC AND PRIVATE BUILDINGS, founded on Dr. 
Robison's Work. 


In roysl 4to, cloth, price 4s. 61. 

P UDIMENTARY.— 1 24*.— RECENTLY CON- 

-Lb STRUCTED IRON ROOFS, Atlas of plates. 


In demv 12tno, with Woodcuts, cloth, price 3s. 

pUDIMENTARY.— 125.— ON THE COMBUS- 

-Lb TION OF COAL AND THE PREVENTION OF SMOKE, 
Chemically and Practically Considered, by CHARLES WYE 
WILLIAMS. 


In demv 12mo, cloth. 126 and 126 together, price 3s. 

P UDIMENTARY. — 126. — ILLUSTRATIONS 

-Lb ,0 WILLIAMS'S COMBUSTION OF COAL. 126 and 126, 
2 vols. bound In 1. 


In demy 12mo, with Woodcuts, cloth, price Is. 6d. 

PUDIMENTARY. — 127. — PRACTICAL IN- 

Lb STRUCTIONS IN THE ART OF ARCHITECTURAL 
MODELLING. 

John Weale, 69, High Holborn, London, W.C. 
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jyjR. AVEALE’S RUDIMENTARY SERIES. 


In demy 12mo, with Engravings and Woodcuts. 

RUDIMENTARY.— 128. — THE TEN BOOKS 

-IV OF M. VITRUVIUS ON CIVIL, MILITARY, AND 
NAVAL ARCHITECTURE, translated by JOSEPH GWILT, 
Arch. 2 vols. in 1, 


In demy 12mo, 128 and 129 together, cloth, price 5s. 

R UDIM ENT ARY. — 129. — ILLUSTRATIVE 

J-V PLATF.S TO VITRUVIUS’S TEN BOOKS, by the Author 
and JOSEPH GANDY, R.A. 


In demy 12rao, cloth, price Is. 

"RUDIMENTARY. — 130. — INQUIRY INTO 

•IV THE PRINCIPLES OF IiEAUTY IN GRECIAN ARCHI- 
TECTURE, by the Right Hon. the Earl of ABERDEEN, Ac. Ac. 


In demy 12tno, cloth, price Is. 

R UDIMENTARY. — 131. — THE MILLER’S, 

-LV MERCHANTS, AND FARMER’S READY RECKONER, 
for ascertaining at Sight the Value of any quantity of Corn ; toge- 
ther with the approximate value of Millstones and Millwork. 


In demy 12mo, with Woodcuts, cloth, price 2s. 6d. 

"RUDIMENTARY. — 132. — TREATISE ON THE 

-IV, ERECTION OF DWELLING HOUSES, WITH SPECI- 
FICATIONS, QUANTITIES OF THE VARIOUS MATERIALS, 
&c., by S. II. BROOKS, Architect. 27 Plates. 


RUDIMENTARY SERIES. — ON MINES, 

-IV SMELTING WORKS, AND THE MANUFACTURE OF 
METALS, as follows. 

In demy 12mo, with Woodcuts, cloth, price 2s. 

RUDIMENTARY. — Vol. 1. — TREATISE ON 

IV the METALLURGY OF COPPER, by R. H. LAMBORN. 


In deray 12mo, to have Woodcuts, cloth. 

RUDIMENTARY. — Vol. 2. — TREATISE ON 

•IV THE METALLURGY OF SILVER AND LEAD. 


In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY.— 

-Tv Vol. 3.— TREATISE ON IRON METALLURGY up to the 
Manufacture of the latest processes. 

In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY.— 

-tV Vol. 4 -TREATISE ON GOLD MINING AND ASSAY- 
ING PLATINUM, IRIDIUM, Ac. 

. In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY.— 

-tv Vol. 5.— TREATISE ON THE MINING OF ZINC, TIN, 
N ICKEL, COB ALT, Ac. 

In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY.— 

-tv Vol. 6.— TREATISE ON COAL MINING (Geology and 
Means of Discovering, Sic.) 

In demv 12mo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY. — Vol. 7. — ELECTRO-ME- 

-tV TALLURGY.— Practically treated by ALEXANDER 
WATT, F.R.S.A. 

John Weale, 59, High Holborn, London, W.C. 
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|^EW SEUIES OF EDUCATIONAL WORKS. 


In demy 12mo, with Woodcuts, cloth, price 4s. 

CONSTITUTIONAL HISTORY OF ENG- 

W LAND.— 1, 2, 3, 4.- By W. D. HAMILTON, of the State P. O. 


In demy 12mo, with Woodcuts, cloth, price 2s. 6d. 

AUTLINES OF THE HISTORY OF GREECE. 

V —5, 6.— By W. D. HAMILTON, 2 yols. 

In demy 12mo, with Map of Italy and Woodcnts, cloth, price 2s. 6d 

AUTLINE OF THE HISTORY OF ROME.— 

7, 8. — By W. D. HAMILTON, 2 vols. 


In demy 12mo, cloth, price 2s. 6d. 

CHRONOLOGY OF CIVIL AND ECCLESI- 

V/ ASTICAL HISTORY, LITERATURE, ART, AND GIVI- 
LISATIO.N, from the earliest period to the present.— 9, 10. — 2 vols. 


In demy 12mo, cloth, price Is. 

CEAMMAR OF THE ENGLISH LANGUAGE. 

VT —11.— By HYDE CLARKE, D.C.L. 


In demy 12mo, cloth, price Is. 

TXANDBOOK OF COMPARATIVE 'PHILO- 

AA LOGY. — 11*.— By HYDE CLARKE, D.C.L. 


In demy stout 12mo, cloth, price 3s. 6d. 

DICTIONARY OF THE ENGLISH LAN- 

D GUAGE. — 12, 18.— A New Dictionary of the English Tongue 
as spoken and written, above 100,000 words, or 50,000 more than in 
any existing work, by HYDE CLARKE, D.C.L., 3 vols. in 1. 


In demy 12me, cloth, price Is. 

C RAMMAR OF THE GREEK LANGUAGE. 

vJ —14 —By H. C. HAMILTON. 


In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE GREEK AND ENG- 

A/ L1SH LANGUAGES.— 15, 16.-By H. R. HAMILTON, 2 
vols. in 1. 


In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE ENGLISH AND 

A/ GREEK LANGUAGES.— 17, 18.— By H. R. HAMILTON, 2 
vols. in 1. 


In demy 12tno, cloth, price Is. 

C RAMMAR OF THE LATIN LANGUAGE. 

VJ — 19.— By the Rev. T. GOODWIN, A.B. 


In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE LATIN AND ENG- 

A/ LIS1I LANGUAGES.— 20, 21.— By the ltov. T. GOODWIN, 
B.A. Vol.l. 


In demy 12mo, cloth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 

A/ LATIN LANGUAGES.— 22, 23.— By the Rev. T. GOOD- 
WIN, A.B. Vol. II. 


In demy 12mo, cloth, price Is. 

Q RAMMAR OF THE FRENCH LANGUAGE. 

John Weale, 69, High ilolborn, London, W.C. 
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!^K. WE ALE’S EDUCATIONAL SERIES- 


In demy 12mo, cloth, price Is. 

DICTIONARY OF THE FRENCH AND 

U ENGLISH LANGUAGES.-25.— By A. ELWES. Vol. I. 


In demy 12mo, doth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 

FRENCH LANGUAGES.— 26.— By A. ELWES. Vol II. 


In demy 12mo, cloth, price Is. 

YJ.RA1DIAR OF THE. ITALIAN LANGUAGE. 

vT — 27.-By A. ELWES. 


In demy 12mo, clotli, price 2s. 

TklCTIONARY OF THE ITALIAN, ENG- 

u LISU. AND FRENCH LANGUAGES. — 28, 29.— By A. 
ELWES. Vol. I. 


In demy 12mo, cloth, price 2s. 

■niCTIONARY OF THE ENGLISH, ITALIAN, 

A^ AND FRENCH LANGUAGES.— 30, 31,-By A. ELWES. 
Vol. II. 


In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE FRENCH, ITALIAN, 

A' AND ENGLISH LANGUAGES.— 32, 33.— By A. ELWES. 
Vol. III. 


In demy 12mo, cloth, price Is. 

n RAMMAR OF THE SPANISH LANGUAGE. 

” -34.- By A. ELWES. 


In demy 12mo, cloth, price 4s. 

DICTIONARY OF THE SPANISH AND 

A' ENGLISH LANGUAGES.— 35, 36, 37, 38.— By A. ELWES. 
4 vols, in 1. 


In ileiny 12mo, cloth, price Is. 

GRAMMAR OF THE GERMAN LANGUAGE. 

VJ —39. 


In demy 12mo, cloth, price Is. 

CLASSICAL GERMAN READER.— 40.— From 

tlie best Antliors. 


In demy t2mo, cloth, price 3s. 

DICTIONARIES OF THE ENGLISH, GER- 

MAN, AND FRENCH LANGUAGES.— 41, 42, 43.-By N. 
E. HAMILTON, 3 vols., separately, Is. each. 


In demy 12mo, cloth, price 7s. 

DICTIONARY OF THE HEBREW AND 

ENGLISH LANGUAGES.— 44,45.— Containing the Biblical 
and Rabbinical words, 2 vols. (together with the Grammar, which 
may be had separately for Is.), by Dr. BRESSLAU, Hebrew Pro- 
fessor. 


In demy 12mo, cloth, price 3s. 

DICTIONARY OF THE ENGLISH AND 

A/ HEBREW LANGUAGF.S.-48.— Vol. III. to complete. 


In demy 12mo, cloth, price Is. 

JPRENCH AND ENGLISH PHRASE BOOK. 

John Weale, 69, High Ilolborn, London, W.C. 
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WEALE’S CLASSICAL SERIES. 


Now in courae of Publication, in demy 12mo, price Is. per Volume 
(except in some instances, and those are Is. 6d. or 2s. each), very 
neatly printed on good paper. Those priced are published. 

nREEK AND LATIN CLASSICS.— A Series of 

Volumes containing the principal Greek and Latin Authors, 
accompanied by Explanatory Notes lu English, principally selected 
from the best and most recent German Commentators, and com- 
prising all those Works that are essential for the Scholsr and the 
Pupil, and applicable for the Universities of Oxford, Cambridge, 
Edinburgh, Glasgow, Aberdeen, and Dublin— the Colleges at Belfast, 
Cork, Galway, Winchester, and Eton, and the great Schools at 
Harrow, Rugby, &e. — also for Private Tuition and Instruction, and 
for the Library, as follows : 


LATIN SERIES. 

In demy 12mo, boards, price Is. 

A NEW LATIN DELECTUS. — 1. — Extracts. 

-ti- frpm Classical Authors, with Vocabularies and Explanatory 
Notes. 


In demy 12mo, boards, price 2s. 

pJESAR’S COMMENTARIES ON THE GAL- 

LIC WAR. — 2. — With Grammatical and Explanatory Notes 
in English, and a Geographical Index. 


In demy 12mo, boards, price Is. 

QORNELIUS NEPOS.— 3.— With English Notes, 


In demy 12mo, boards, price Ih. 

T7TRGIL.— 4. — The Georgies, Bucolics, with English 

* Notes. 


In demy 12mo f boards, price 2s. 

TTIRGIL’S iENEID. — 5. — (On the same plan as 

* the preceding). 

In demy 12mo, boards, price Is. 

TJ ORACE. — 6. — Odes and Epodes ; with English 

-U- Notes, and Analysis and Explanation of the Metres. 

In demy 12mo, boards, price Is. 6d. 

TJORACE. — 7. — Satires and Epistles, with English 

Notes, &c. 


In demy 12mo, boards, price Is. 6d. 

CALLUST. — 8. — Conspiracy of Catiline, Jugur- 

thine War, with English Notes. 

In demy 12mo, boards, price Is. 6d. 

'TERENCE. — 9. — Andrea and Heautontimorume- 

X nos. with English Notes. 


In demy 12mo f boards, price 2s. 

'TEKENCE. — 10. — Phormio, Adelphi, and Hecyra, 

A with English Notes. 


piCERO. — 11 

A-' Sulla, for 


In demy 12mo. 

• Orations against Catiline, for 

Sulla, for Archias, and for the Msniiian Law. 

In deray 12mo. 

pICERO. — 12. — First and Second Philippics ; Ora- 

O tions for Milo, for Marcellus, &c. 

John Weale, 69, High Uolborn London, W.C. 
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E. WEALE’S CLASSICAL SERIES. 


In deray 12mo. 

QICERO. — 13. — De Officiis. 


In demy 12mo, boards, price 2 8. 

fUCERO. — 14. — De AmicitiA, de Senectute, and 

^ Brutus, with English Note#. 


In demy 12mo. 

TU VENAL AND PERSIUS.— 15.— (The indeli- 

cate parts expunged.) 

In demy I2mo, boards, price 3s. 

T IYY. — 16. — Books i. to v. in two vols., with 

-*- i English Notes. 

In demy 12mo, boards, price Is. 

T IVY. — 17. — Books xxi. and xxii., willi English 

^ XntPS. 

In demy 12uio. 

'FACITUS. — 18. — Agricola; Germania; and An- 

nals, Book i. 

In demy I2mo, boards, price 2s. 

Q ELECTIONS FROM TIBULLUS, OYID, and 

PROPERTIUS— 19.— With English Notes, 

In demy 12mo. 

C ELECTIONS FROM SUETONIUS and the 

k 1 lator Latin Writers.— 20. 


GREEK SERIES, ON A SIMILAR PLAN TO THE LATIN 
SERIES. 

Those not priced are in the Press. 

In demy 12mo, hoards, price Is. 

INTRODUCTORY GREEK READER. — 1. — 

A On the same plan as the Latin Reader. 

In deray 12mo, beards, price Is. 

^ENOPIION. — 2. — Anabasis, i. ii. iii., with 


English Notes. 


In deray 12mo, boards, price Is. 

V ENOPHON. — 3. — Anabasis, iv. v. vi. vii., with 

A English Notes. 


English Notes. 

In demy 12mo, boards, price is. 

T UCIAN. — 4. — Select Dialogues, with English 

L Notes. 

In deuiy 12>no, boards, price Is. ttd. 

pJOMER. — 5. — Iliad, i. to vi., with English Notes. 

In demy 12rao, boards, price Is. 6d. 

JJOMER. — 6. — Iliad, vii. to xii., with English Notes. 

In demy 12mo, boards, price Is. 6d. 

TJ OMER. — 7. — Iliad, xiii. to xviii. with English 

11 Notes. 

In demy 12mo. boards, price Is 6d. 

IT OMER. — 8. — Iliad, xix. to xxiv., with English 

■EL Notes. 

John Weale, 59, High Holborn, London, W.C. 
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WEALE’S CLASSICAL SERIES. 


In dcmv 12nio, boards, price Is. 6d. 

OMER. — 9. — Odyssey, i, to vi., with English Notes. 

In deray l‘2roo, boards, price Is. 6d. 

XT OMER. — 10. — Odyssey, vii. to xii., with English 

XX N otes. 

In demy 12mo, boards, price Is. fid. 

ppOMER. — 11. — Odyssey, xiii. to xviii.with English 

Notes. 


In deray 12mo f boards, price Is. 6d. 

XXOMER. — 12. — Odyssey, xix. to xxiv. 

Hymns, with English Notes. 


and 


P Li! 


ATO. 


In demy 12mo, boards, price 2s. 

■13. — Apology, Crito, and Pluedo, with 

English Notes. 


In demy 12rao, boards, price Is. 6d. 

H ERODOTUS. — 14. — i. ii., with English Notes. — 

Dedicated to His Grace the Duke of Devonshire. 

In deray 12mo, boards, price Is. 6d. 

XJERODOTUS. — 15. — iii. iv., with English Notes. 

Dedicated to His Grace the Duke of Devon-dure. 


In deray 12mo. 

XI ERODOTUS. — 16. — v. vi. .and part of 

-*--1 Dedicated to His Grace the Dtike of Devons! 


vn. 
Devonshire. 


In demy 12mo. 

H ERODOTUS. — 17. — Remainder of vii., viii., and 

ix. Dedicated to His Grace the Duke of Devonshire. 

In demy 12mo, boards, price Is. 

gOPHOCLES. — 18.— (Edipus Rex, with English 

In demy 12mo. 

gOPHOCLES. — 19. — (Edipus Colonceus. 

In demy 12mo. 

OP II OGLES. — 20. — Antigone. 

In deray 12mo. 

gOPHOCLES.— 21.— Ajax. 

In demy 12mo. 

g OPHOCLES. — 22. — Philoctetes. 

In demy 12mo. boards, price Is. fid. 

JT URIPIDES. — 23. — Hecuba, with English Notes. 


E 


In demy 12mo. 

URIPIDES.— 24.— Medea. 


In demy 12mo. 

P URIPIDES. — 25. — Hippolytus. 

John Weale, 6!>, High Holborn, London, W.C. 
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R. WEALE’S CLASSICAL SERIES. 


In demy 12m fi, boards, price Is. 

J^URIPIDES. — 26. — Alcestis, with English Notes. 
In demy 12mo.' 

pURIPIDES.— 27.— Orestes. 

In demy 12mo, 

TTURIPIDES. — 28. — Extracts from the remaining 

-Pi Plays, 

In demy 12mo. 

COPHOCLES. — 29. — Extracts from the remaining 

tl Plays. 

In demy 12mo. 

yp SCHYLUS. — 30. — Prometheus Viuctus. 


In demy 12mo. 

^SCHYLUS.— 31.— Persse. 


Ia demy 12mo. 

SCHYLUS. — 32. — Septem contra Thebas. 


In demy 12mo. 

yP SCHY LU S. — 33. — Chobpliorse. 

In demy 12mo. 

^SCHYLUS.— 34.— Eumenides. 

In demy 12mo. 

yP SCHY LUS. — 35. — Agamemnon. 

In demy 12mo. 

^SCHYLUS.— 36.- Supplices. 

In demy 12mo. 

"pLUTARCH. — 37. — Select Lives. 

In demy 12mo, 

J^RISTOPHANES.— 33.— Clouds. 

In demy 12mo. 

j^RISTOPHANES. — 39. — Frogs. 

In demy 12mn. 

A RISTOPH ANES. — 40. — Selections from the 

^ remaining Comedies . 

In demy 12mo, boards, piice Is. 

pHUCYDIDES. — 41. — I., with English Notes. 

In demy 12mo. 

pHU CY D IDES. — 12. — II. 

John Weale, 59, High Ilolborn, London, W.C. 
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J^R. WEALE’S CLASSICAL SERIES. 

Id demy 12mo. 

JHEOCRITUS.— 43.— Select Idyls. 

In demy 12mo. 

piNDAR.— 44. 

In demy 12mo. 

gOCRATES.— 45. 

Xu demy l‘2mo. 

JJESIOD.— 46. 


ME. WEALE’S PUBLICATIONS OF WORKS 

ON ARCHITECTURE, ENGINEERING, AND THE 
FINE ARTS. 


In 1 large Atlas, folio Volume, with fine Plates, price £4 4s. 

<t 13RITISH GOVERNMENT WORK.” -THE 

ARCHITECTURAL ANTIQUITIES AND RESTO- 
RATION OF ST. STEPHEN’S CHAPEL, WESTMINSTER 
(late the House of Commons). 


Fine Plates and Vignettes, Atlas folio, price £3 10s. 

“NORWEGIAN GOVERNMENT WORK.” 

I’ —THE CATHEDRAL OF THRONDHEIM, IN 
NORWAY. Text by Professor MUNCH; drawings by II. E. 
SCHIRMER, Architect. 


Large Atlas folio, 4 livraisons, published in Madrid, at 100 reals 
each, or £1 in England. Illustrated by beautifully executed 
Engravings, some of which are coloured. 

< < SPANISH GOVERNMENT WORK.”— 

^ MONUMENTS ARFHITECTONIQUES DE L'ES- 
PAGNE, PUBI.IES AUX FRA IS DE LA NATION.— Pabt I 
Provlncia de Toledo, Granada, Alcald de Henares.— Part 2. Cate- 
dral Toledo, Detailles.— Part 3. Granada, Segovia, Toledo, Sala- 
matter — Part 4. Santa Maria de A leal A de Henares, Casa Lonia de 
Valencia, Toledo, Segovia, Ac. — This work surpasses iu beauty all 
other works. 


Columbier folio plates, with text also uniform, with gold borders, 
and sumptuously bound in red morocco, gilt; gilt leaves, £12 12s., 
Columbier folio plates, with text also uniform, with gold borders, 
and elegantly lmlf-bound in morocco, gilt, £10 10s.; Plates iu 
Columbier folio, and text in imperial 4to, half-bound in morocco, 
gilt, £7 7s. ; Plate3 in Columbier folio, and text in imperial 4to, 
in cloth extra, hoards and lettered, £4 14s. 6d. 

'THE VICTORIA BRIDGE, AT MONTREAL, 

A IN CANADA. — Elaborately illustrated by views, plans, 
elevations, and details of the Bridge ; together with the illustrations 
Of the Machinery and Contrivances used in the construction of this 
stupendously important and valuable engineering work. The whole 
produced in the finest style of art, pictorially and geometrically 
drawn, and the views highly coloured, and a descriptive text. 
Dedicated to His Royal Highness the Prince of Wales. By JAMES 
HODGES, Engineer to the Contractors. Engineers: ROBERT 
STEPHENSON and ALEX. M. ROSS. Contractors: Sir S. 
MORTON PETO, Bart., M.P., THOMAS BRASSEY, and ED- 
WARD LADD BETTS, F.sqrs. 

John Weale, 69, Iligh Holborn, London, W.C. 
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M e. wteale’s woeks on architec- 

TURK, ENGINEERING. FINK ARTS, &c. 

In one imperial folio volume, with exquisite illustrative Plates from 
costly Drawings made by the most eminent artists, half-bound 
very neat, price £6 6a, Only 160 copies printed tor sale. 

PROFESSOR COCKERELL’S WORK.— 

-A THE TEMPLES OF JUPITER PANHELLEN1U3 AT 
.EGINA, AND OF APOLLO EP1CURIU3 AT BASS-E, NEAR 
PU1GALEIA, IN ARCADIA. 


It is proposed to publish the Life and Works of the late 

7 SAMBARD KINGDON BRUNEL, F.R.S., 

•*. Civil Engineer. — The genius, talent, and great enterprise 
of the late Mr. Brunei has a world-wide fame, his whole life, was 
devoted alone to the science of his profession, not iu imitation or 
copying others, but in invention. In finding out new roads to the 
onward advancement of his Art, the lifting up from the slow and 
beating path ot Engineering Art, new ideas and realities, and which 
has er have given to England a name for reference and of renowned 
intelligence in this Art. 


Just published, in 4to, with 100 Engravings, pric a , bound, 21s. 

■THE PRACTICAL HOUSE CARPENTER,— 

More particularly for country practice, with specifications, 
quantities, and contracts : also containing — 1. Designs for the Cen- 
tering of Groins, Niches, & c. ; 2. Designs for Iioofs and Staircases. 
3. The Five Orders laid down to a scale; 4. Modern Method of 
Trussing Girders, Joints of Carpenters’ work ; 5. Designs for Modem 
Shop Fronts with their details ; 6. Designs for Modern Doors with 
their details; 7. Designs for Modern Windows, with their details, 
and for Villa Architecture. The whole amply described, for the 
use of the Operative Carpenter and Builder. Firstly written and 
published by WILLIAM PAIN. Secondly, with Modem Designs, 
and Improvements, by S. II. BROOKS, Architect. 


In 18fil will be published a volume in 12mo, entitled 

A DIGEST OF PRICES of Works in Civil Engi- 

neering and Railway Engineering, Mechanical Engineering, 
Tools, Wrought and Cast Iron Works, Stone, Timber and Wire 
Works, ami every kind of information that can be obtained and 
made useful in Estimating, Specifying, ami Reporting. 


In 4to, 2s. 6d. 

airy, ASTRONOMER ROYAL, F.R.S., &c.— 

A Results of Experiments on the Disturbance of the Compass 
in Iron-built Ships. 

In a sheet. 3s., in case, Ss 61. 

ANCIENT DOORWAYS AND WINDOWS 

-fA (Examples of). Arranged to illustrate the different styles of 
Gothic Architecture, from the Conquest to the Reformation. 


In 1 vol. imperial 4to, with 20 fine Plates, neatly half-bound in 
cloth, £1 5s. 

ANCIENT DOMESTIC ARCHITECTURE.— 

Principally selected from original drawings In the collection 
of the lato Sir William Burrell, Bart., with observations on the 
application of ancient architecture to the pictorial composition of 
modern edifices. 


The stained glass fac-simile. 4s. 6d., in an extra case, or in a 
sheet, 8s. 6d. 

ANGLICAN CHURCH ORNAMENT.— 

*lA Wherein are figured the Saints of the English calendar, with 
their appropriate emblems; the different styles of stained glass; 
and various sacred symbols and ornaments used in churches. 

John Weale, 59, High Holbom, London, W.C. 
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lip. WEALE’S WORKS ON ARCHITEC- 

ll-l- TUKE, ENGIN BERING, FINE ARTS, Ac. 

In 4to, Is. 6d. 

A RAGO, Mods. — Report on the Atmospheric 

■L*- System, *nd ou the proposed Atmospheric Railway at Paris. 

la 4to, with about 500 Engravings, some of which are highly 
coloured, 4 vols., original copies, half-bound in morocco, £6 6s. 

ARCHITECTURAL PAPERS. 


2 Engravings, in folio, useful to learners and for schools, 2s. 6d. 

ARCHITECTURAL ORDERS (FIVE) AND 

THEIR ENTABLATURES, drawn to ft larger tcale, with 
Figured Dimensions. 


^RNOLLET, 


4to, Is. 

M. — Report on his Atmospheric 

Railway. 


In 4to, 10 Plates, 7s. 6d. 

ATMOSPHERIC RAILWAYS. — THREE RE- 

A PORTS on improved methods of Constructing and Working 
Atmospheric Railways. By R. MALLET, C.E. 


In 8vo, Is. 6d. 

R ARLOW, P. W. — Observations on the Niagara 

Railway Snspension Bridge. 


In large 4to, very neat lialf-morocco, 18s., with Engravings. 

B arry, sir Charles, r.a., & c . — 

Studies of Modern English Architecture. By W. II. LEEDS; 
The Travellers’ Club-House, illustrated by Engravings of Plans, 
Sections, Elevations, an 1 details. 


In 1 Vol., large 8vo, with coloured Plates, half-morocco, price £1 Is. 

REWICK’S (J. G.) GEOLOGICAL TREATISE 

D on THE DISTRICT OF CLEVELAND IN NORTH 
YORKSHIRE, Its Ferruginous Deposits, Lias and Oolites; with 
some Observations on Ironstone Mining. 


In 8ro, with Plates. Price 4s 

RINNS, W. S. — Work on Geometrical Drawing, 

■D embracing Practical Geometry, including the use of Drawing 
Instruments, the construction and use of Scales, Orthographic Pro- 
tection, and Elemeutary Descriptive Geometry. 


In 4to. with 105 Illustrative Plates, cloth boards, £1 11s. 6d. 

B LASHFIELD, J. M., M. R. Inst., &c.— 
SELECTIONS OF VASES, STATUES, BUSTS, &c , from 
TERRA COTTAS. 


In Svo, Woodcuts, is. 

B LASHFIELD, J. M., M. R, Inst., &e.— 

ACCOUNT OF THE HISTORY AND MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 


In 4to, 2s. 6d. 

RODMER, R., C.E. — On the Propuls 

U by the Screw. 

15s. 


ion of Vessels 


RRTDGE. — A large magnificent Plate, 3 feet 6 

D inches bv 2 feat, on a scale of 25 feet to «n inch, of LONDON 
BKIDOE ; containing Plan and Elevation. Engraved and elabo- 
rately finished. The Work of the RENNIES. 

John Weale, 59, High Holborn, London, W.C. 
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Tl/TR. WEALE’8 WORKS ON ARCHITEC- 

1¥1 TURK, ENGINEERING, FINE ARTS, &c. 

10s. 

DRIDGE. — Plan and Elevation, on a scale of 

-D 10 feor to nn inch, of STAINES BRIDGE; a flne Engraving. 
The work of the RENNIES. 


In royal 8vo, with very elaborate Plates (folded), £1 10 j. 

DRIDGES, SUSPENSION. — An Account, 

-D with Illustrations, of the Suspension Bridge across the River 
Danube, by Win. T. CLARK, F.R.S. 

In 4 vols., royal 8vo, bound in 3 vols., half-morocco, price £4 10s. 

DRIDGES. — THE THEORY, PRACTICE, 

J ’ AND ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, AND WIRE; with Examples on the Principle ot Sus- 
pension; Illustrated by 138 Engravings and 92 Woodcuts. 

In one large 8vo volume, with explanatory Text, and 68 dates 
comprising details ami measured dimensions. Bound in half- 
morocco, uniform with the preceding work, price £2 10s. 

"DRIDGES. — SUPPLEMENT TO “THE 

-D THEORY, PRACTICE, AND ARCHITECTURE OF 
BRIDGES OF STONE, IRON, TIMBER, WIRE, AND SUS- 
PENSION.” 


1 large folio Engraving, price 7s. 6d. 

DRIDGE across the Thames. — SOUTHWARK 

-L> IKON BRIDGE. 


1 large folio Engraving, price 6s 

DRIDGE across the Thames. — WATERLOO 

D sTONK BRIDGE. 

1 very large Engraving, prioe 5-* 

DPJDGE across the Thames, — VAUXHALL 

Jj IRON BRIDGE. 


1 very large Engraving, price 4s. 6d. 

DRIDGE across the Thames. — HAMMERSMITH 

D SUSPENSION BRIDGE. 


1 large Engraving, price 4s. 6d. 

DRIDGE (the UPPER SCHUYLKILL) at 

-D PHILADELPHIA, the greatest known spin of one arch, 
covered. 


1 large Engraving, price 3s. 6d. 

DRTDGE (the SCHUYLKILL) at PHIL A- 

DELPHIA, covered. 


1 large Engraving, price 3s. 6d. 

DRIDGE. — ON THE PRINCIPLE OF SUS- 

-D PENSION, by Sir I. BRUNEL, in the ISLAND OF 
BOURBON. 


1 large Engraving, price 4s. 

DRIDGE. — PLAN and ELEVATION of the 

-D PATENT IRON BAR BRIDGE over the River Tweed, near 
Berw ick. 

34 Platen, folio, £1 In., boards. 

DRIGDEN, R. — Interior Decorations, Details, 

-D an d Views of Sefton Church, Lancashire, erected in the reign 
of Iloury VIII. 

John Weale, 59, High Holborn, London, W.C. 
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MB. WE ALE’S WORKS ON ARCHITEC- 

1VJL TURK, ENGINEERING, FINE ART8, &c. 

1 large Engraving, price 3s. 6d. 

TlRITTON’S (John) VIEWS of the WEST 

D FRONTS of 14 ENGLISH CATHEDRALS. 


1 large Engraving in outline, pric 2s. 63. 

T)RITTON’S (John) PERSPECTIVE VIEWS of 

l-> the INTERIOR of 14 CATHEDRALS. 


In 4to f 2s. Gd. 

l)RODIE, R., C.E. — Rules for Ranging Rail- 

way Curves, with the Theodolite, and without Tables. 

1 large Engraving, pric* 4s. 6.1, 

"BROWN'S (Capt. S.) CHAIN PIER at Brighton, 

with Details. _ 

The Text in one large volume 8vo, and the Plates, upwards of 70 
in number, iu an atlas folio volume, very neatly half-bound, 
£2 10s. 

B UCH ANAN, R. — PRACTICAL ESSAYS 

ON MILL WORK AND OTHER MACHINERY; with 
Examples of Tools of modern invention ; first published by 
ROBERT BUCHANAN, M.E. ; afterwards improved and edited 
by THOMAS TREDGOLD, C.E. ; and re-edited, with the im- 
provements of thd present age, by GEORGE RENNIE, F.R.S., 
C.E., &c., Ac. The whole forming 70 Plates, and 103 Woodcuts. 
John Weale, 69, High Ilolborn, London, W.C. 


Text in rot al 8vo, and Plates in imperial folio, 18s. 

B uchanan, r. — supplement. — 

PRACUCAL EXAMPLES ON MODERN TOOLS AND 
MACHINES ; a Supplementary Volume to Mr. RENNIE’S 
edition of BUCHANAN 14 On Mill-Work and Other Machinery," 
by TREDGOLD. The work consists of 18 Plates. 


In 8vo, with Plates, 2nd Edition, Is. 6d. 

I^URN, C., C.E. — On Tram and Horse Railways. 


In one volume, 4to, 21 Plates, half-hound in morocco, £1 is. 

BURY, T., Architect. — Examples of Xucient 

-B Ecclesiastical Woodwork. 


7s. 6d. 

pALCULATOR (THE) : Or, TIMBER MER- 

CHANT’S AND BUILDER'S GUIDE. By WILLIAM 
RICHARDSON and CHARLES G ANE, of Wisbeach. 

In Svn, Plates, cloth hoards, 7s. Gd. 

pALVER, E. K., R.N.— THE CONSERVATION 

W AND IMPROVEMENT OF TIDAL RIVERS. 

In 8vo, Woodcuts, Is 6d. 

pALVER, E.K., R.N.— ON THE CONSTRUCT 

W TION AND PRINCIPLE OF A WAVE SCREEN, 
d esigned for the Formation of Harbours of Refuge. 

In 4?o, half-bound, price £i 6*. 

CARTER, OWEN B., Architect,— A SERIES 

' y OF THE ANCIENT PAINTED GLASS OF WINCHES- 
T ER CATHEDRAL, Examples of. 28 Coloured Illustra tions 


In 4to, 17 Plates, half-bound, 7s. 6d. 

pARTER, OWEN B., Architect, —ACCOUNT 

v - ; OF THE CHURCH OF ST. JOHN THE BAPTIST, 
at Bishopstone, with Illustrations of its Architecture. 

John Weiio, 69, High Holbom, London, W.C. 
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MR WEALE’S WORKS ON ARCHITEC- 

TUKE, ENGINEERING, FINE ARTS, Ac. 

In 4 to, with 19 Engravings, £1 Is. 

pHATEAUNEUF, A. de, Architect. — Architec- 

tors Domeatica ; a Series of very neat examples of Interiors 
and Exteriors of residences in the Italian style. 

Large 4to, in half-red morocco, price £1 8s. 

pHIPPENDALE, INIGO JONES, JOHNSON, 

v LOCK, and PETHER. — Old English and French Orna- 
ments : comprising 244 designs on 106 Plates of elaborate examples 
of Mall Glas.es. Picture Frames, Chimney-pieces, Ceilings, Stands 
for China, Clock snd Watch Cases, Girandoles, Brackets, Grates, 
Lanterns, Ornamental Furniture, Oraamems for brass workers and 
silver workers, real ornamental Iron work Patterns, and for carvers, 
modellers, Ac., Ac., Ac. 

4to, third Edition with additions, price £1 lls. 6d. 

pLEGG, SAM., C.E. — A PRACTICAL TREA- 

TISE ON THE MANUFACTURE AND DISTRIBU- 
BUTION OF COAL GAS, Illustrated by Engravings from Woik- 
ing Drawings, with General Estimates. 


In 4to, Plates, and 76 Woodcuts, boards, price 6s. 

pLECG, SAM., C.E— ARCHITECTURE OF 

^ MACHINERY. An Essay on Propriety of Form and Pro- 
portion. For the use of Students and Schoolmasters. 

^OLBURNS, Z. — On Steam Boiler Explosions. 


One very large Engraving, price 4s. 6d. 

RONEY’S (J.) Interior View of the Cathedral 


Church of St. Paul. 


In 4to, on card board, Is. 

Q OWPER, C. — Diagram of the Expansion of Steam. 


In one vol. 4 to, with 20 Folding Plates, price £1 Is. 

PROTON AQUEDUCT. — Description of the 

^ New York Croton Aqueduct, lu 20 large detailed and engi- 
neering explanatory Plates, with text in the English, German, 
and French languages, by T. SCHRAMKE, C.E. 


In d^my 12mo, cloth, extra bound and lettered, price 4s. 

TIEN ISON. — A Rudimentary Treatise on Clocks 

-L-' and Watches, and Bells ; with a full account of the Westmin- 
ster Clock ..nd Bells, by EDMUND BECKET DENISON, M.A., 
Q.C. Fourth Edition re-wrltten and enlarged, with Engravings. 


In royal Do, cloth hoards, price £1 lls.6d. 

TIOWNES, CHARLES, Architect.— Great Exhi- 

bition Building. The Building erected in Hyde Paik for 
the Great Exhibition, 1851 ; 28 large folding Plates, embracing 
Plans, Elevations, Sections, and Details, laid down to a largo scale, 
and the Working and Measured Drawings. 


TlRAWING BOOKS. — Showing to Students the 

superior method of Drawing and Shadowing. 


D rawing book.— cours elemen- 

TA1RES DE LAVIS APPLlQUfi A L'A KCHITECTUKE; 
folio volume, containing 40 elaborately engraved Plates, In shadows 
and tints, very linely executed, by the best artists in France. £2. 
Paris, 

John Wealc, 59, High Holbom, London, W.C . 
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TVfR. WE ALE'S WORKS ON AliCHITKC- 

TUhK, ENGINEERING, FINE APTS, A c. 

D rawing book. — cours BlKmen- 

TAIRE3 DE LAVIS APPLIQUE A MfiCHANIQUB) 
folio volume, containing 50 elaborately engraved Flues, in !-h>i<iowu 
ami tiuts, very fiuely executed, by tbe best artists in France. 
£2 lOs. Paris. 

drawing bo ok. Scours KlKmen- 

A/ TAIKES DE LAVIS APPLIQUE A OKNE. MENTA- 
TION ; folio volume, containing 20 elaborately engraved Plates, in 
shadows and tints, very finely executed, by tbe best artists in 
France. £1. Pa'is. 

RAWING BOOK. — fiTUDES PIIOGRES- 

SIVES ET COMPLETES D’ ARCHITECTURE DE 
LAVIS, par J. B. TRITON ; large folio, 24 fine Plates, comprising 
tbe Orders of Architecture, mouldings, with pn files, ornaments, 
and forms of their proportion, art of shadowing doors, balusters, 
parterres, &c., &*»., &c. £1 4s. Paris. » 

In 12m *, cloth boards, lettered, price 6s. 

I p C K S T E I N, G. F. — A Practical Treatise on 

J Chimneys ; with remarks on Stoves, the consumption of 
Smoke aud Coal, Ventilation, <£c. 

Plates, imperial 8vo, price 7s. 

TpLLET, CHARLES, C. E., of the U. S.— Report 

on tho Improvement of Kanawha, and incidentally of the 
Ohio River, by means «>f Artificial Lakes. 

in Svo, with Plates, price 12s. 

E XAMPLES of Cheap Railway Making, 

A merican and Belgian, 

In one voL 4to, 41) l’fates, with dimensions, extra cloth boards, 
price Sis. 

J EXAMPLES for Builders, Carpenters, and 

-) Joiners; being well-selected Illustrations of rocent Modem 
Art and C-nstrucdon. 

With Engravings and Woodcuts, price 12s. 

XpROME, Lieutenant-Colouel, R.E. — Outline of 

A tbs Method ot conducting a Trigonometrical Survey for the 
Formation of Topographical Plans; and Instructions for filling in 
the Interior Detail, both by Measurement and Sketching; MilPary 
Reconnaissances, Levelling,. &c., &c., together with Colonial Sur- 
veying. 

In 4to, with Plate", price 7s 6d. 

PAIRBAIRN, W, G.E., F.R.S.— ON 

A WATER-WHEELS, WITH VENTILATED BUCKETS. 

In royal Svo, with Plates and Woodcuts, Second Edition, much 
Improved, price, in extra cloth hosids. 16s. 

T? A I R B A I R N, W., C.E., F.R.S.— ON THE 

T APPLICATION OF CAST AND WROUGHT IRON TO 
BUILDING PURPOSES. 


In imperial Svo, with fine Plates, a re-issue, price lGs., or 21s. In 
lialf-morocco, gilt edges, 

TfERGUSSON’S (J.) Essay on the Ancient Topo- 

-L graphy ot Jerusalem, with restored Plane of the r XVmple, &c. 
In 8vo, sowed in wrapper, rrPc 2s. 

niLL, J.— -ESSAY ON THE THERMO DY- 

NAMICS OP ELASTIC FLUIDS, by JOSEPH OILL, 
with Diagrams. 

John Wegle, 69, High Holbom, London, W.C. 
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MR WE ALE’S WORKS ON ARCHITEC- 

-irJL TURK, ENGINEERING, FINE ARTS, &c. 

~ FiatesTsvo, boards, os. 

P WILT, JOSEPH, Architect.— TREATISE ON 

yj T HE EQ UILIBRIUM OF ARCHES. 

In Svo, cloth boards, with 8 Plates, 4s. Gd. 

TTAKEWELL, S. J. — Elizabethan Architecture ; 

illustrated by parallels of Dorton House, Ha ili-; Id, Long- 
leat, and Wollaton, in England, and the Pa!azz> Della Cancellaria 
at Home. 


8vo, with a Map, 1 m. 

H AMILTON, P. S., Barrister-at-Law, Halifax 

Nova Scotia — Nova Scotia considered as a Field for Emi- 
gration. 


In imperial 8vo, Third Edition, with additions, 11 Plates, cloth 
boards, 8s. 

TT ART, J., On Oblique Bridges. — A Practical 

-■--l Treatise on the Construction of Oblique Arches. 

In 4to, witti Woodcuts, 3-*. tid" 

TJEALD, GEORGE, C.E.— System of Setting Out 

Railway Curves. 


Roval 8 vo, Plates and Woodcuts, price 12s. 6>i. 

OP D LEY, JOHN. — Practical Treatise on the 
-O Working and Ventilation of Coal Mine*, with Suggestions 
for Improvements in Mining. 


Two VoIb., demy 12mo, in cloth extra boards aud lettered, price 
12s. 6d. 

TJOMER. — The Iliad and Odyssey, with the 

-*--1 Hvmns of Homer, Edition with an accession of English notes 
by the llev. T. H. L. LEARY. M.A. 


In Rvo with Engravings, cloth boards. Third Edition, 10s. 6d. 

UOPKINSON, JOSEPH, C.E.— The Working of 

the Steam Engine Explained by the use of the Indicator. 

In 8vo, in boards, 18s. 

OUNTINGTON, J. B., C.E. — TABLES and 

T-l RULES for Facilitating the Calculat on of Earthwork, Land. 
Carves, Distances, and Gradients, required in the Formation of 
Railways, Rosds. a nd Can al s. 

Separate from the above, pric- 3s. 

H UNTINGTON, J, B., C.E. — THE TABLES 

OF GRADIENTS. 


10 Plates, Svo, bound, 6s. 

TNIGO JON$S. — Designs for Chimney Glasses 

■*- and Chimney Pieces of the Time of Churle* the let. 


In a sheet, 2s. 

TBISH. — Plantation and British Statute Measure 

■*- (c .miiarativmTsble of), so that English Measure can be trans- 
ferred into Irish, snd vice VfV* d. 


In 4tn with 8 Engravings, in a wrapper, <?s. 

TRON. — ACCOUNT OF THE CONSTRUC- 

L TI"N OF THE IRON ROOF OF THE NEW HOUSES 
OF PARLTAM KNT, with elaborate Engravings of details. 

In imperial 4to, with 50 Engravings, and 2 fine Woodcuts, half- 
hound in morocco. £1 4s. 

TRON.— DESIGNS OF ORNAMENTAL 

A gates, lodges, palisading, and iron-work op 

THE ROYAL PARKS, with some other Designs. 

John Weaie, 69, High Ilolborn, London, W.C. 
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MR. WEALE’S WORKS ON ARCHITEC- 

-M. TUKE, ENGINEERING, FINE ARTS, &c. 


J EBB’S, 


In 4to, with 10 Plates, 12s. 

Colonel, Modern Prisons. — Their Con- 

struction and Ventilation. 


In 3 vols. 8vo, with 26 elaborate Plates, cloth boards, £2 2s. 

TONES, Major-Gen. Sir John, Bart. — Journal 

O of the Sieges carried od by the Army under the Puke of Wel- 
lington in Spain, between the years 1811 and 1814, with an Account 
of the Linea of Torres Vedras. By Major-Gen. Sir JOHN T. 
JONES, Bart, K.C.B. Third Edition, enlarged and edittd by 
Lieut. -General Sir HARRY D. JONES, Bart. 

16mo, cloth boards, 2s. 6d. 

T7ENNEDY AND HACKWOOD’S Tables for 

Setting out Curves. 

In 4 k», 37 Plates, half-cl th boards, 9*. 

I " ING, THOMAS.— The Upholsterer’s Guide; 

» Rule * for C ut ting and Forming Draperies, V aUnces. &c. 
Illustrated by large Draughts and Engravings. In 1 volume 4to, 
text, and a large atlas folio volume of Plates, half-bound, £6 6s. 

I I NOWLE3, JOHN, F.R.S.— The Elements and 

»■ Practice of Naval Architecture; or, A Treatise on Ship 
Building, theoretical and practical, on the best principles established 
in Great Britain; with copious Tables of Dimensions, Scantlings, 
&c. The Third Edition, with an Appendix, containing the princi- 
ples of constructing tho Royal and Mercantile Navies, by Sir 
RORERT SEPPING8. 


41 Plates of a tine and an elaborate description in larpe atlas folio 
haif-bonnd, £2 12s. Gd.; with the text half-bound in 4tn. 

T OCOMOTIVE ENGINES. — The Principles 

and Practice and Explanation of the Machinery of Locomotive 

Engines in operation. 

In 12mo, sewed, is. 


M A1N ’ 


Rev. ROBERT. — An Account of the 

Observatories in and about London. 


4to, in boards, 15s. 

•MANUFACTURES AND MACHINERY. — 

•*•*■*■ Progress of, in Great Britain, as exhibited chiefly in Chrono- 
logical notices of some Letters Patent granted for Inventions and 
Improvements, from the earliest timos to the reign of Queen Anne. 
16mo, 28. 6d. 

M AY, R. C., C.E. — Method of setting out Railway 

^ Carves. 


Imperial 4to, with fine Illustrations, extra Cloth boards, £1 5s., or 
half-bound in morocco, £1 lls. 6d. 

METHVEN, CAPTAIN ROBERT.— THE LOG 

OF A MERCHANT OFFICER, Viewed with Reference 
to the Education of Young Officers and the Youth of the Mer- 
chant Service. By ROBERT METHVEN, Commander ill the 
Peninsular and Oriental Company's Service. 

In royal 8vo, is. 6d. 

METHVEN, CAPTAIN ROBERT.— NARRA- 

JV1 TIVES WRITTEN BY SEA COMMANDERS, ILLUS- 
TRATIVE OF ‘ THE LAW OF STORMS. The "Blenheim" 
Hurrione of 1851. with Diagrams. 

Part 1, large 8vo, 5s. Part 2, in preparation. 

MURRAY, JOHN, C.E. — A Treatise on the 

Stability of Retaining Walls, elucidated by Engraviugs and 
Diagrams. 

John Weale, 59, High Holhorn, London, W.C. 
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TM R. WEALE’S WORKS ON ARCHITEC- 

TUUE, ENGINEERING, FINE ARTS, &c. 


On a large folio sheet, price 2s. 6d. 

■VIEVILLE, JOHN, C.E., M.R.I.A. — OFFICE 

I' HYDRAULIC TABLES: for the use of Engineers engaged 
in Water Works, giving the Discharge and Dimensions of River 
Channels and Pipes. 


In 8vo, Second and much Improved Edition, with an Appendix, 
cloth boards, price 16s. 

ATEVILLE, JOHN, C.E., M.R.I.A.-HY- 

1 ’ DRAULIC TABLES, COEFFICIENTS, AND FORMULAS; 
for Finding the Discharge of Water from Orilices, Notches, AVeirs, 
Pipes, and Rivers, with Extensive Additions, New Formula!, Tables, 
and General Information on Rain-Fall Catchment-Basins, Drainage, 
Sewerage, AVater Supply for Towns and Mill Power. 

On 33 folio Plates, 12s. 

O RNAMENTS. — Ornaments displayed on a 

full size for AVorking, proper for all Carvers, Painters, &c., 
containing a variety of accurate examples of foliage and friezes. 


Plates, 8vo, 2s. 6d. 

r j’BRIEN’S, W., C'.E. — Prize Essay on Canals 

^ and Canal Conveyance. 

In demy 8vo, cloth, boards, 12s. 

PAMBOUR, COUNT DE.-STEAM 

J- ENGINE; the Theory of the Proportions of Steam Engines, 
and a series of practical formulte. 


In 8vo, cloth, boards, with Plates, a second edition, 18s. 

A PRACTICAL TREATISE ON LOCOMO- 

-tt- TIVE ENGINES UPON RAILWAYS. — With practical 
Tables and an Appendix, showing the expense of conveying Goods 
by means of Locomotives on Kailroads. By COUNT F. M. G. 
DE PAMBOUK. 


4 to, 72 finely executed Plates, in cloth, £1 16s. 

PARKER, CHARLES, Architect, F.I.B.A. — 

J- The Rural and Villa Architecture of Italy, portraying the 
several very interesting examples in that country, with Estimates 
and Specifications for the application of the same designs in Eng- 
land ; selected from buildings and scenes in the vicinity of Rome 
and Florence, and arranged for Rural and Domestic Buildings gene- 
rally. 


Price, complete, £2 2s. In 4to. 

POLE, WILLIAM, M. Inst., C. E. — COR- 

-A NI311 PUMPING ENGINE; designed and constructed at 
the liable Copper House in Cornwall, under the superintendence 
of CAPTAIN JENKINS; erected anil now on duty at the Coal 
Mines ot Languin, Department of the Loire Inftrieur, Nantes. 
Nine elaborate Drawings, historically and scientifically described. 

With Plate. 10s. 6d. 

AN ANALYTICAL INVESTIGATION OF 

-U. TOE ACTION OF THE CORNISH PUMPING ENGINE. 
— This Third Part sold separately from above. 


28s. bound in 1 to size. 

PORTFOLIO OF ENGINEERING ENGRAV- 

-*- INGS.— Useful to Students as a Text Book, or a Drawing 
Book of Engineering and Mechanics; being a series of Practical 
Examples in Civil, Hydraulic, and Mechanical Engineering. Fifty 
Engravings to a scale for drawing. 

John Weale, 69, High Holbom, London, AV.C. 
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]UE. WE ALE’S WORKS ON ARCHITEC- 

-»-*■ TURK, ENGINEERING, FINE AR TS, &c. 

60 Plates, 28s., boards. 

PORTFOLIO OF GREEK ARCHITECTURE. 

A — Or, Dilettanti Drawing Book; Architectural Engravings, 
with descrptive Text. Being adapted as studies of the best 
Classic Models in the Grecian style of Architecture. 


50 flates, £1 8s., bound. 

PORTFOLIO OR DRAWING BOOK OF 

A GOTHIC CHURCH ARCHITECTURE. -Of the periods 
of the 14th, 15th, and 16th centuries. Useful to Architects, 
Bailders, and Students. 

Pin tPd fnllA O^Q 

PORTFOLIO OF ARCHAEOLOGICAL COL- 

A LECTIONS. — Of curious, interesting, and ornamental sub- 
jects and patterns for stained glass windows, from York. 


18 Plates, 10s. 6d. Small folio. 

P ORTFOLIO OF ANCIENT CAPITAL 

LETTERS, MONOGRAMS, QUAINT DESIGNS, &c. — 
Beautifully Coloured and Ornamented. • 


153 Plates, folio, half-bound in morocco, very neat, £4 4s. 

PUBLIC WORKS OF GREAT BRITAIN.— 

Consisting of Railways, Rails, Chairs* Blocks, Cuttings, 
Embankments, Tunnels, Oblique Arches, Viaducts, Bridges, Sta- 
tions, Locomotive Engines, &c. ; Cast-Iron Bridges, Iron and Gas 
Works, Canals, Lock-gates, Centering, Masonry and Brickwork 
for Canal Tunnels ; Canal Boats : the London and Liverpool 
Docks, Plans and Dimensions, Dock gates, Walls, Quays, and 
their Masonry; Mooring-Chains; Plan of the Harbour and Port 
of London, aod othe* important Engineering Works,, with Descrip- 
tions and Specifications. 


In two Parts. Imperial folio. 

PUBLIC WORKS OF THE UNITED STATES 

A OF AMERICA. 

And the text in an 8vo Volume, price together £2 6a. 

PEPORTS, SPECIFICATIONS, AND ESTI- 

AU mates of public works of the united 

STATES OF AMERICA; explanatory of the Atlas Folio of 
Detailed Engravings, elucidating practically these important En- 
gineering Works. The Plates are Engraved in the best style. 


Imperial 8vo, 50 Engravings, £1 6s. 

PAPERS AND PRACTICAL ILLUSTRA- 

TIONS OF PUBLIC WORKS OF RECENT CONSTRUC- 
TION— BOTH BRITISH AND AMERICAN. Supplementary to 
previous Publications, and containing all the details of the Niagara 
Suspension Bridge. 

Half-bound in morocco, finely coloured Plates, price £3 3s. 

P AWLINSON’S, ROBERT, C.E. — Designs for 

AU Factory, Furnace, and other Tall Chimney Shafts. Tall 
chimneys are necessary for purposes of Trade and Manufactures. 
They are required for Factories, for Foundries, for Gas Works, for 
Chemical Works, for Baths and Wash-houses, and for many other 
purposes. 

Third Edition, in royal 8vo, boards, with 13 Charts, &c., 12s. 

PEID, Major-General Sir W., F.R.S., &c.— AN 

AU ATTEMPT TO DEVELOP THE LAW OF STORMS 
by means of facts arranged according to place and time ; and hence 
to point out a cause for the variable winds, with a view to practical 
Use in navigation. 

John Weale, 69, High Holborn, London, W.C. 
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MR. WEALE’S WORKS ON ARCHITEC- 

1*1 TURE, ENGINEERING, FINE ARTS, &c. 


In royal 8vo, uniform ■with the preceding, 9s., with Charts and 
Woodcuts. The work together in 2 vols, £1 Is. 

"DEID, Major-General Sir W., F.R.S., &c. — 
XV THE PROGRESS OF THE DEVELOPMENT OF THE 
AW OF STORMS AND OF THE VARIABLE WINDS, with 
e practicable application of the subject to navigation. 


Illustrated with 17 Plates, Third Edition, 8vo, cloth, 7s. 6d. 

TDICHARDSON, C. J., Architect. — A Popular 

Aw Treatise on the Warming and Ventilation of Buildings; 
showing the advantage of the improved system of Heated Water 
Circulation. And a method to effect the combination of large and 
small pipes to the same apparatus, and ventilating buildings. 

Bound in 2 vols., very neat, half-morocco, gilt tops, price £1S. 

RENNIE’S, Sir JOHN, F.R.S., Work on 

the Theory, Formation, and Construction of British and 
Foreign Harbours, Docks, and Naval Arsenals. This great work 
may now be hud complete, 20 parts and supplement, price £16. 

In 8vo, 2s. 

J. L., C.E. — The Progressive Screw 

as a PanpF.r.r.KR is Navigation. 


B, EVY > 


12mo, cloth boards, 3s. Gd. 

S IMMS, F. W. — Treatise on the principal 

Mathematical and Drawing Instruments employed by the 
Engineer, Architect, and Surveyor; with a description of the Theo- 
dolite, together with Instructions in Field Works. 


4to, with fine Plates, a New Edition, extended, sewed, 5s* 

OMITH, C. H., Sculptor. — Report and Investiga- 

Vj tion into the Qualifications and Fitness of Stone for Building 
Purposes. 

In 1 vol. 8vo, iu boards, 7s. 6d. 

OMITH’S, Colonel of the Madras Engineers, 

U Observations on the Duties and Responsibilities Involved in 
the Management of Mines. 

Nvo, cloth boards, with Index Map, 5s. 

COPWITH, THOMAS, E.R.S. — THE 

AWARD OF THE DEAN FOREST COMMISSIONERS 
AS TO T11E COAL AND IRON MINES. 


16 large folio Plates, £1 Is. Separately, 2s. each. 

COPWITH, THOMAS, E.RS.— SERIES 

^ OF ENGRAVED PLANS OF THE COAL AND IKON 
MINES. 

12 Plates, 4to, 6s. in a wrapper. 

CTAIRCASES, HANDRAILS, BALUSTRADES, 

V? AND NEWELS OF THE ELIZABETHAN AGE, &c.— 
Consisting of — 1. Staircase at Audley-end Old Manor House, 
Wilts; 2. Charhon House, Kent; 3. Great Ellingham Hall, Nor- 
folk; 4. Dorfold, Cheshire; 5. Charterhouse; 6. Oak Staircase at 
Clare Hall, Cambridge; 7. Cromwell Hall, Higligate; 8. Ditto; 9. 
Catherine Hull, Cambridge; 10. Si air case by Inigo Jones at a 
house in Chaudos Street; 11. Ditto at East Sutton; 12. Ditto, ditto. 
Useful to those constructing edifices in the early English domestic 
gtyle. 

Large atlas folio Plates, price £2 2s. 

OTALKARTT, M., N.A. — Naval Architecture ; 

_ or, The Rudiments and Rules of Ship Building: exemplified 
In a Series of Draughts and Plans. No text. 

John Weale, 69, High Holborn, London, W.C. 
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1UE, WEALE’S WORKS ON ARCH1TEC- 

TURE, ENGINEERING, FINE ARTS, &c. 


With llhistrative Diagrams. In 8vo, 7a. 6d. 

CTEVENSON’S, THOMAS, C.E., of Edinburgh, 

^ Description of the Different kinds of Lighthouse Apparatus. 


8 vo, 2s. 6d. 

AVID, C.E., of Edinburgh.— 

to Ilia Work on Tidal Rivers. 


Text in 4to, and large folio Atlas of 70 Elates, half-cloth boards, 
£2 12s. 6d. 

CTEAM NAVIGATION. — Vessels of Iron and 

^ Wood; tlie Steam Engine; and on Screw Propulsion. By 
WM. FAIRBAIRN, F.R. 3., of Manchester; Messrs. FORRESTER, 
M.I.C.E, of Liverpool; JOHN LAIRD, M.I.C.E., of Birkenhead; 
OLIVER LANG, (late) of Woolwich ; Messrs. SEAWARD, Lime- 
bouse, &c. &c. & c. Together .with Results of Experiments on the 
Disturbance of the Compass in Iron-built Ships. By G. B. AIRY,*. 
M.A., Astronomer Royal. 

10s. 

CT. PAUL’S CATHEDRAL, LONDON, SEC- 

^ TION OF. — The Original Splendid Engraving by J. 
GWYN, J.WALE, decorated agreeably to the original intention 
of Sir Christopher Wren ; a very fine large print, showing distinctly 
the construction of that magnificent edifice. 

.size of Plate 44 feet in height, His. 

CT. PAUL’S CATHEDRAL, LONDON, GREAT 

^ PLAN.— J. WALE and J. GWYN’S GREAT PLAN, 
accurately measured from the Building, with all the Dimensions 
figured and in detail, description of Compartments by engraved 
Writing. 

Second Edition, greatly enlarged, royal 8vo, with Plates, cloth 
boards, price 16s. 

STRENGTH OF MATERIALS. — FAIRBAIRN, 

^ WILLIAM, C.E., F.R.S., and of the Legion of Honour of 
France. On the application of Cast and Wrought Iron to Building 
Purposes. 

With Plates and Diagrams. New Edition. The work complete 
in 2 vols., bound in 1 vol., price, in cloth boards, 16s. The 
second portion of the work, containing Mr. Hodgkinson’s Experi- 
mental Researches, may be had separately, price 9s. 

S TRENGTH OF MATERIALS.— HODGKIN- 

SON, EATON, F.R.S., AND THOMAS TREDGOLD, 
C.E. A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS; Intended for the assistance of 
engineers, ironmasters, millwrights, architects, founders, smiths 
and others engaged in the construction of machines, buildings, &c' 
By EATON IlODGKINSON, F.R S. 


GTEVENSON, D 

^ Suppj^neut 


To be published in 1861, in crown 8vo, bound for use. 

STRENGTH OF MATERIALS.— POLE, WIL- 

^-7 LIAM, C.E., F.R.S. — Tables and popular explanations of 
the Strength of Materials, of Wrought and Cast Iron with other 
metals, for structural purposes ; developing in a systematic form, 
the strengths, bearings, weights, and forms of these materials, whe- 
ther used as girders or arches, for the construction of bridges and 
viaducts, public buildings, domestic mansions, private buildings, 
columns or pillars, bressiimmiers for warehouses, shops, working 
and manufacturing factories, &c. &c. &c. The whole rendered of 
easy reference for architects, builders, civil and mechanical engi- 
neers, millwrights, Ironfounders, &c. &c. &c., and forming Ready 
Reckoner or Calculator. 

John Weale, 69, High Holborn, London, W.C. 
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MB. W BALE’S WORKS ON ARCHITEC- 

TURE, ENGINEERING, FINE ARTS, &c. 

30 very elaborately drawn Engravings. In large 4to, neatly half- 
bound and lettered, £l Is. A few copies on large imperial size, 
extra half-binding. £1 Us. 6 d. ^ 

TEMPLE CHURCH.— The Architectural History 

/-m an ^[ Architectural Ornaments, Embellishments, and Painted 
Glass, of the Temple Church, London. 


Part I., with 26 Engravings on Wood and Copper, in cloth boards, 

4 to, 15s. 

THAMES TUNNEL. — A Memoir of the several 

, Operations and the Construction of the Thames Tunnel, from 
Tapers by the late Sir 1SAMBAKD Bit UN EL, F.R.B., Civil 
Engineer. 


Fourth Edition, witli a Supplementary Addition, large 8 vo, 12s. 6 d. 

THOMAS (LYNALL), F.R.S.L. — Rifled Ordnance. 

•7 —A Practical Treatise on the Application of the Principle 
of the Rifle to Guns and Mortars of every calibre ; to which is 
added a New Theory of the Initial Action and Force of Fixed 
Gunpowder plates. 


In 4 to, complete, cloth, Vol. I., with Engravings, £1 10s.; Vol. II., 
ditto, £1 8 s.; Vol. III., ditto, £2 12s. 6 d. 

TRANSACTIONS OF THE INSTITUTION 

OF CIVIL ENGINEERS. 


8 vols., numerous Engravings of Sections of Coal Mines, &c., largo 
folding Plates, several of which are coloured, in large 8 vo, half- 
hound In calf, price £1 Is. per volume. 

TRANSACTIONS OF THE NORTH OF 

A- ENGLAND INSTITUTE OF MINING ENGINEERS.— 
Commencing in 1852, and continued to 1860. 


A New Edition revised by the translator, and with additional Plates, 
In demy 12mo, India proof Plates and Vignettes, half-bound in 
morocco, gilt tops, price 12s. Only 25 printed on India paper. 

VITRUVIUS. The Architecture of Marcus 

“ Vitruvius Pollio in 10 Books. Translated from the Latin by 
JOSEPH GWILT, F. 8 .A., F.R.A.S. 


In 4to, with Plates, 7s. 6 d. 

I WALKER’S, THOMAS, Architect. — Account 

' * of the Church at Stoke Golding. 


£1 10 s. 

WEALE’S QUARTERLY PAPERS ON EN- 

' ' GINGERING. — Vol. VI. (Parts 11 and 12 completing 
the work.) Comprising, “ On the Principles of Water Power. 
Plates. Experiments on Locomotive Engines. Coloured Plates. 
On Naval Arsenals. On the Mode of Forming Foundations under 
water and on bad ground. Plates. On the Improvement of the 
River Medway and of the Fort and Arsenal of Chatham. On the 
Improvement of Portsmouth Harbour. An Analysis of the Cornish 
Pumping. Plates. On Water Wheels. Plates. 


Text In 8 vo, cloth hoards, and Plates in atlas folio, in cloth, 16s. 

1 WHITE’S, THOMAS, N.A., Theory and Prac- 

* * tice of Ship Building. 

In 8 vo. with a large Sectional Plate, Is. 6 d. 

WHICHCORD, JOHN, Architect. — 

’ ' OBSERVATIONS ON KENTISH RAG STONE ASA 
BUILDING MATERIAL. 

John Weale, 59, High Holbom, London, W.C. 
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MR- WEALE’S WORKS ON ARCHITEC- 

-L'A TURE, ENGINEERING FINE ARTS, &e. 


4to, coloured Plates, In half-morocco, 7s fid. 

W HICHCORD, JOHN, Architect.— HIS- 
TORY AND ANTIQUITIES OF THE COLLEGIATE 
CHURCH OF ALL SAINTS, MAIDSTONE. 


In 4 to, 6s. 

Til/ ICKSTEED, THOMAS, C.E. — AN EXPE- 

*' Iil MENTAL INQUIRY CONCERNING THE RELA- 
TIVE POWER OF, AND USEFUL EFFECT PRODUCED 
BY, THE CORNISH AND BOULTON & WATT PUMPING 
ENGINES, and Cylindrical and Waggon-IIead Boilers. 


In 8vo, Is. 

WICKSTEED, THOMAS, C.E. — FURTHER 

*» ELUCIDATION OF THE USEFUL EFFECTS OF 
CORNISH PUMPING ENGINES; showing the average work- 
ing for long periods, &c., &c., Ac. 


£2 2s. 

W ICKSTEED, THOMAS, C.E. — THE 

ELABORATELY ENGRAVED ILLUSTRATIONS OF 
THE CORNISH AND BOULTON & WATT ENGINES erected 
at the East London Water Works, Old Ford. Eight large atlas 
folio very fine line engravings by GLADWIN, from elaborate 
drawings made expressly by Mr. WICKSTEED; folio, together 
with a 4to explanation of the plates, containing an engraving, by 
LOWRY, of Harvey and West’s patent pump-valve, with speci- 
fication. 


With numerous Woodcuts. 

TI7ILLIAMS, C. WYE, Esq., M. Inst. C. E.— 

THE COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE, chemically and practically considered. 


Imperial 8vo, with a Portrait. 2s. fid. 

WILLIAMS, C. WYE, Esq, M. Inst. C. E. — 

»» PRIZE ESSAY ON THE PREVENTION OF THE 
SMOKE NUISANCE, with a fine portrait of the Author. 


Witli 3 Plates, containing 61 figures, 4to, 6s. 

WALLIS, REV. PROFESSOR, M.A. — A 

system of Apparatus for tbo use of Lecturers aud Experi- 
menters in Mechanical Philosophy. 


In 4to, bound, with 26 large plates and 17 woodcuts, 12s. 

WILME’S MANUALS. — A MANUAL OF 

»» WRITING AND PRINTING CHARACTERS, both 
ancient and modern. 


Maps and Plans, in 4to, plates coloured, half-bound morocco, £2. 

WILME’S MANUALS. — A HANDBOOK 

*» FOR MAPPING, ENGINEERING, AND ARCHITEC- 
TURAL DRAWING. 


Three Vols., large 8vo, £3. 

WOOLWICH. — COURSE OF MATHEMA- 

' ' TICS. This course is essential to all Students destined 
for the Royal Military Academy at Woolwich. 


8vo, Is. 

VULE, MAJOR-GENERAL.— ON BEEAK- 

- 1 - WATERS AND BUOYS of VERTICAL FLOATS. 

John Weale, 59, High Holborn, London, W.C. 
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I70REIGN WORKS, KEPT IN STOCK AS 

J- FOLLOWS:— 


Large folio, 32 plates, some coloured, and 12 woodcuts, 50 francs. 
£2 10s. 

ARCHITECTURE SUISSE.— OirChoix de Mai- 

-LA sons Bosiiqnes des Alpcs du Canton de Berne, par GKAF- 
FINRIED et STORLEK, Arcliitcctes. Berne, 1844. 


Small folio, 52 most Interesting and explanatory plates of Public 
Works, Bridges, Iron Works, Ac., Ac., &c., very neatly half- 
bound in morocco, £1 10s. 

"DAUERNFETND, CARL MAX.— VORLEGE- 

BLAETTER ZUR BltUCKENBAU KL'NDE. Milnciien. 
Large folio, 36 plates of Byzantine capitals, 12s. 

gYZANTINISCHE CAPITAELER— Munchen. 


Second edition, 126 plates, large folio, best Paris edition, 100 f., 
printed on fine paper, half-cloth boards, £4 4s. 

pALLIAT, VICTOR, ARCT. — Paralldle des Mai- 

v sons de Paris, construites depuis 1830 jusqu’h nos jours. — 1867. 


Large folio, 60 francs, 60 piatos, and several vignettes, £2 8s. 

pANETO, F. — Sainte-Harie d’Auch. Atlas Mono- 

graphiqne de Cette Catbddralc. The Plates consist principally 
of outline drawings of the Painted Glass Windows in this Cathe- 
dral. 


120 plates, elegant in haif-morocco extra, interleaved, £5 15s. 6d. 

pASTERMAN, A. — PARALELLE des MAI- 

SON’S de BRUXELLES et des I’RINCIPALES VILLES de 
la BELGIQUE, construites depniB 1830 jusqu’a nos jours, repre- 
sents en plans, elevations, coupes et details interieurs et extdricurs. 
— Paris. 


Small folio, 48 plates of edifices. £1 Is. 

TkEGEN, L. — LES CONSTRUCTIONS EN 

U BRIQUES, composdes et publides. 8 livraisons.— 1858. 


Small folio, 48 piates of houses, parts of houses, details of all kinds 
of singularly beautiful woodwork, coloured plates in imitation of 
the objects given, £1 Is. 

TJEGEN, L.— LES CONSTRUCTIONS ORNA- 

U MENTALES EN BOIS, 8 livraisons. m 


In 3 very large folio parts, 35 fine plates, £1 lls.6d. 

AERTNER, F. V. — The splendid works of M. 

y* GAERTNER of Munich, drawn to a very iarge size, con- 
sisting of the library in plans, elevations, interiors, details, and 
sections, and coloured ornaments. The church, with details, orna- 
ments, &c. — MUnchen. 

Small folio, 86 fine plates of the Architecture, ornament, and detail 
of the houses and churches of Germany during the middle age, 
very neatly half-bonnd in morocco, £2 12s. 6d. 

XT ALLEN BACH, C. C. — Chronologie der Deutsck- 

XX- Mittelalterliclien Baukunst, — MUnchen, Fine Work. 

The works of the great master KLENZIE of Munich, in 5 parts 
very large folio, 60 plates of elevations, plans, sections, details 
and ornaments of his public and private buildings executed in 
Munich and St. Petersburg, £2 2s. 

T7LENZE, LEO VON. — Sammlung Arthitec- 

•K tonisher Entwiirfe, fiir die Ausfuhrung bestimmt oder wirk- 
Hch ausgefUhrt. Published in Munich. 

John Weale, 59, High Uolborn, London, W.C. 
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FOREIGN WORKS KEPT IN STOCK AS 

FOLLOWS:— 


Upwards of 100 plates, large 4to, £2 12s. 6d. 

PETIT, VICTOR.— CHATEAUX DE FRANCE. 

Architecture Pittoresque, ou Monurueuts des quinzieme et 
seizidme siecles. Paris. 


Livraisons 1 1 18, very finely executed plates, large imperial folio, 
£5 8s. 

CHATEAUX DE LA VALLEE DE LA 

w LOIRE DES XV, XVI, ET COMMENCEMENT DU XVII 
SI ECLE.— Paris, 1 857—60. 

4to, 96 plates, 72f.; £2 10s. 

pECUEIL DE SCULPTURES GOTHIQUE.— 

Dessinees et gravers 4 l’eau forte d’aprSs lea plus beaux monu- 
ments construits en France depuis Ie onzieme jnsqu’au quinziime 
slide, par ADAMS, Inspecteur des travaux de la Sainte Chapelle. 
Paris, 1856. 

4 parts are published, price 14s. 

pAMEE.— HISTOIRE GENERALE DE L’AR- 

1* C1IITECTURE. L’Hisioire genfrale de T Architecture, par 
DANIEL RAMEE, forme 2 vol. grande in 8vo, publics en 8 fas- 
cicnles. 

6 vols., large 8vo, numerous fine woodcuts, half morocco. 

T7IOLET-LE-DUC. — DICTIONNAIRE RAI- 

* SONNE, de 1’ Architecture Francaisedu quinzieme au seizRme 
slide. Paris, 1854-8. 

2 vols., extra imperial folio, price £0 16s. 6d. 

pADIA D’ALTACOMBA. — Storia e Descrizione 

-*-* della Anlico Scpolchro dei Reali di Savola, fondita da Amedio 
III. rinnovata da Carlo Felice e Maria Christina. 


79 livraisons in large 4to, 200 engravings, £8 18s. 6d. 

T)ELLE ARTI.--I1 Palazzo Ducale di Venezia, 

^ Illustrate* da Francesco Zanotto. Venezia, 18 1 6 — 1858. 

2 vols. large 4to, 62 very neatly engraved outline Plates, £1 6s. 

pANOVA. — Le Tombe ed i Monumenti Illustri 

^ d’ltalia. Milano. 


2 vols. 4to, 67 elaborate Plates, £1 16s. 

pAVALIERI SAN-BERTOLO (NICOLA).— 

ISTITUZIONI DI AKCIIITETTURA STATICA E IDRAU- 
LTC*A. Mantova. 


2 vols. imperial folio, in parts of eight divisions, &c., New and much 
Improved Edition, comprising 259 Plates of the Public Buildings 
of Venice, plans, elevations, sections, and details, £8 18s. 6d. 

pICOGNARA (COUNT).— LeFabbriche eiMonu- 

^ menti Cospicui di Venezia, il lu strati da L. Cicognara, da A. 
Dicdo, e da G. A. Selva, edizione con copiose note ed aggiunte di 
Francesco Zanotto, arricchita di nuove tavole c della Version© 
Francese. Venezia nello stab. naz. di G. Antonelli a spese degli 
edit. G. Antonelli e Lucb no Basadonua, JW53. The elaborately de- 
scriptive text is in French and Italian, beautifully printed. 

Copies elegantly half-bound in morocco, extra gilt, library copy 
and interleaved, £ 12 12s. Venezia, 1858. 

Folio, Portrait, and 147 Plates, consisting of subjects of public build- 
ings, executed at Verona, plans, elevations, sections, details, and 
ornaments, with some executed works at Venice, &c. t £i 4s. 

"I? ABBRICHE. — CIVILI ECCLESIASTICHE 

A E MILITARI DI MICHELE SAN MICHELE disegnate 
ed incise da KONZANI FRANCESCO e L. 

GIROLAMO. 

Jobn'Weale, 59, Uigh Holborn, London, W.C. 
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TTOREIGN WORKS KEPT IN STOCK AS 

I- FOLLOWS. 

Large tolio, Containing a prolusion of Plates of the palaces, theatres, 
hdtel de villes, and other public buildings in several parts of 
Italy. F/lcgantly half-bound in red morocco, extra gilt and inter- 
leaved, £6 6s. 

TTABBRICHE. — E DISEGNI D’ANTONIO 

j- DIEDO, NOBILE VENETO. Venezia. 

36 livraisons, price £12 12s. 

n ALLERIA DI TORINO (LA REALE).— 

Illustrata da R. D’AZEGLIO, Memb. dell* Accad,, &c. &c. 
Copies, 'Indian proofs, £18 18s. 

Bound copies in elegant half-morocco binding, India proof, £23 2s. 

2 vols. folio, complete, 177 Plates of outline elevations, plans, in 
teriors, details, &c. t first impression, 150 francs, half-bound, £6 6s. 

GAUTHIER, M.P., Architecte.— Les PLUS 

At BEAUX EDIFICES de la VILLE de GENES et des ses 

ENVIR ON S. Pa r is, 1830-2 . 

^Folio, 109 Plates of plans, elevations, sections, and details, £2 8s. 

n RANDJEAN He MONTIGNY et A. FAMIN. 

v l _ ARCHITECTURE TOSCANE, ou palais, maisous, et 
antres Edifices, de la Toscane. Pans, 1815. 

Oblong folio, containing a profusion of picturesque views of palaces 
and public buildings and scenes of Venice, executed in tinted 
lithography, with full descriptions attached to each. Elegant in 
half extra morocco, interleaved, £4 14s. 6d. 

TZIER. G.— VENEZIA MON U MENTALE PIT- 

JV TORESCA, Venezia. 

Large folio, 61 livraisons or 3 vols., with 3 vols. of text in 4to, . - 
£18 18s. 

T ETAROUILLY, P.— Edifices de Rome Mo- 

derne. Paris, 1825-55. 

Fine Plates of the New Palace of Justice, Senate House, &c , plans, 
elevations, sections, doors, &c., details of the several parts, &c., 

M ICHELA, IGNAZIO.— DESCRIZIONE e 

DISEGNI del PALAZZO dei MAGISTRATI SUPREMI 

dl TORINO. Torino. 

Large folio, 94 Plates, bound in extra lialf-morocco, gilt and inter- 
leaved, price £6 10s. 

TlEYNAUD, L. — Trattato di Architettum, con- 

-IV tenente nozoini generali sui Principii della C'onstruzione e 
Sulla storia dell' Arti, con annot. per cura di Lorenzo Urbani. 

Venezia, 1857. 

4 imperial bulky 8vo volumes, printed and published under autho- 
rity, and treats of the early foundation of Venice ami estab- 
lishment as a kingdom, its wealth and commerce, and its once 
great political position, with Plates, £3 3s. 

~yENEZIA. — E le sue Lagune. Venezia, 1847. 

\ VENEZIA. — Copies elegantly bound and gilt, 

£4 14s. 6d. Venezia, 1847 . ’ 

In 2 large folio volumes, numerously and elaborately drawn Plates, 
very well executed in outline, altogether a very fine work. Very 
elegantly half-hound in morocco, extra gilt and interleaved 
£12 12s ' 

A CCADEMIA DI BELLI ARTI. — Opere dei 

J V Grandi Concorsi Premiatodair I. R.Accademiadelle Belle; Arti, 
in Milano, e publicate, per cura dell' Architetto, G. ALUISETTI— 
per la Classl di Ornano— per le Glassl di Arcliitcttara, figura ed 
Ornato. Milano, 1825-29. 

John Weale, 69, High Uolbom, London, W.C. 
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FOREIGN WORKS, KEPT IN STOCK AS 

T FOLLOWS : — 


Atlas folio, very fine impressions, complete in 3 parts/Columbier 
folio, £3 18s. 6d Elegantly half-bound In extra morocco and 
Interleaved. £5 15s. 6d. 

A LBERTOLLI, G. — Alcune Decorazioni di Nobili 

TI Sale ed Altri Omamenti. Milano, 1787, 1824, 1838. 


To be had separately, £1 8s. 

A LBERTOLLI, G. — Part III., very frequently 

required to make up sets. 


2 vcds., folio, 80 Plates of the most exquisite kind in colours, far 
superior to any existing work of the present day, £7 10s. 

IT OF FM AN, ET KELLERHOYEN. — Recueil 

-I-*- de Dessins relatifs a l’Art de la Decoration chez tous lea 
peoples et aux plus belles dpoqttes de leur civilisation, &c., des- 
tines 1 servir de motifs et de matdriaux aux peintres, dfcorateurs, 
peintres sur verre, et aux dessinateurs de fabriqnes. 

Price £1 Is. 

TJOPE, ALEXANDER J. BERESFORD, Esq.— 

-I-*- Abbildungen der Glasgemiilde in der Salvator-Kirche zu 
Kilndown in der Graffschaft Kent. Copies of paintings on glass in 
Christ Church, Kilndown, in the county of Kent, executed in the 
Royal Establishment for Painting on Glass, Munich, by order of 
ALEXANDER J. BERESFORD HOPE, Esq., published by F. 
Eggert, Painter on Glass, MUnchen. The work contains one sheet 
with the dedication to A. J. R. HOPE, Esq., and fourteen windowB; 
in the whole fifteen, beautifully engraved and carefully coloured. 


In large folio, 80 Plates, containing a profusion of rich Italian and 
other ornaments. Elegant in half-morocco, gilt, and interleaved, 
£6 6s. 

J ULIENNE, E. — Industria Artistica o Raccolto 

di Composizioui e Decorazioni Ornamentali, come suppellet- 
till, tappezzerie. armature, cristalli, soffitti,cornici,lampade, bronzi, 
ec. Venezia, 1851—1858. 


Prix 50f., in folio, £3. 

T E PAUTRE. — Collection des plus belles Com- 

j-l positions, gravdes par DE CLOUX, Arcbte. L'Ouvrage con- 
tient cent planches. Paris. 


This unique collection is in 2 Vols» 4to, had its commencement In 
1812, and contains upwards of 500 rich Designs. Price £5 5s. 

]\/I ETIYIER, MONS., Arcliitecte. — The original 

■AT Sketches, Drawings, and Tracings, in pencil and pen and 
ink, of executed Works and Proposals, displaying the genius of 
Mons, Metivier, as an architect of high attainments, whose recent 
death was much regretted in Bavaria. He was a native of France, 
and was induced to settle in Munich by the late Duke of Leuchten- 
berg, under whose patronage he was much employed in the con- 
struction of private edifices for the Bavarian nobility and gentry ; 
and for decoration and fittings of them ; his interiors are still much 
in admiration. Ho built a mansion for Prince Charles, in a most 
simple and elegant style (In Bricnner Street), which is still now 
considered one of the purest buildings of Munich. The above 
Sketches are his professional life and practice. 


Twelve Parts, in small oblong 4to, 60 coloured Plates of 90 elabo- 
rately coloured and gilt ornaments. £1 Is. 

ARNAMENTENBUCH. — Farbige V erzierungen 

^ ' fiir Fabrikanten, Zimraermaler uud andere Bangewerke. 
Milnchen. 

John Weale, 59, High Holbom, London, W.C. 


Digitized by Google 



35 


TTOEEIGN WORKS, KEPT IN STOCK AS 

Jl FOLLOWS 

410 Flutes, in two thick large 4to. Vols., designed and engraved by 
MM. Reister Argot, d’ilautel, de Wailly, Wagner, L. Feuchere 
et Kegnler, Ac. £A Ss. 

TENEMENTS. — Tires ou imit6s des Quatre 

Ecoles. Paris. 


Six Parts, large folio, Plates beautifully coloured, in fac-similes 
of the Interiors, Ornaments, Compartments, Ceilings, &c. 


£2 12s. 6d. Also, elegantly half-bound in morocco gilt, £4 4s. 

"DOTTMANN, L. — Omamente aus den vorziig- 

J-w lichsten Bauweiken Mtincliens. MUuclien. 


Very elegant, in half red morocco, gilt, and interleaved, £7 17s. 6d. 

7 ANETTr, G.— STUDII ARCHITETTONICO 

^4 ORNAMENTALI, dedicatl all’ J. R. Accademia Veneta delle 
Belle Arti, seconds edizione con aggulnte del Prof. L. URBANI. 
66 livraisous, in imperial folio, about 200 of most elaborately de- 
signed subjects of Architecture and Interior Fittings, Designs for 
Chimney Pieces, Iron Work for Interiors and Exteriors, Gates and 
Wooden Gates, Garden Decorations, &c., &c., including the Ap. 
pendices. Venezia. 


A Catalogue, of 40 pages, to be bad 
gratis; printed in demy 8vo. 

Export Orders executed either for Prin- 
cipals abroad, or Merchants at home. 
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In Atlas of Plates and Text, 12 mo, price 2 5s. together, 

IRON SHIP BUILDING. 

- with 

PRACTICAL ILLUSTRATIONS. 

BY 

JOHN GEANTHAM, N.A. 


DESCRIPTION OF PLATES. 


1. Hollow and Bar Keela, Stem and 

Stern Posts. 

2. Side Frames, Floorings, and Bilge 

Pieces. 

3. Floorings continued — Keelsons, 

Deck Beams, Gunwales, and 
Stringers. 

4. Gunwales continued — Lower 

Decks, and Orlop Beams. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Iron, as rolled for Iron Ship- 
Bnilding. 

6. RiYets, shown In section, natnral 

size, Flush and Lapped Joints, 
with Single and Double Ri- 
veting. 

7. Plating, three plans, Bulkheads, 

and modes of securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

9. Sliding Keel, Water Ballast, 

Moulding the Frames in Iron 
Ship-building, Levelling Plates. 

10. Longitudinal Section, and Half* 

breadth Deck Plans of large 
Vessels, on a reduced scale. 

11. Midship Sections of Three Vessels 

of different sizes. 

12. Large Vessel, showing details. — 

Fore End in Section, and End 
View, with Stern Post, Crutches, 
Deck Beams, &c. 


13. Large Vessel, showing details. — 

After End in section, with End 
View, Stem Frame for Screw, 
and Rudder. 

14. Large Vessel, showing details. — 

Midship Section, Half breadth. 

15. Machines for Punching and Shear- 

ing Plates and Angle-Iron, and 
for Bending Plates ; Rivet 
Hearth. 

16. Machines. — Garforth’s Riveting 

Machine, Drilling and Counter 
Sinking Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron ; various Tools used 
in Riveting and Plating. 

18. Gunwale, Keel, and Flooring; 

Plan for Sheathing Iron Ships 
with Copper. 

19. Illustrations of the Magnetic Con- 

dition of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets. 

21. Corroded Iron Bolt in Frame of 

Wooden Ship; Caulking Joints 
of Plates. 

22. Great Eastern— Longitudinal Sec- 

tions and Half-breadth Plana. 

23. Great Eastern— Midship Section, 

with details. 

24. Great Eastern— Section In Engine 

Room, and Paddle Boxes. 


This Work may be had of Messrs. Lockwood & Co., No. 7, Stationers’ 
Ilall Court, and also of Mr. Weale ; either the Atlas separately 
for 1L 2s. Gd., or together with the Text price as above stated. 

. - 

Bradbury and Evans, Printers, Whitefriars. # 
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